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The Interra'ional Rice Research Institute (IRRI)was establIshed in 1960 
by the Ford and Rockfeller Foundations with the help and approval of the 
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INTRODUCTION 
WO billion o)ple' in ChinlM, India, Indoncsia, and
 
Bangladc,,h, along with millions m )r in otlcr
 
c(uWntri s, dCpend moce
m rice 1"'(I thian, halt"tlc 
prn )tCi n arid C,1lrisC. they Co01ISlllmC. 1he: nuinbCr 

g lows t:( i11tlch ()I' thc dc'vCltpingdailv'. () sCenli' f r 
world hi nltcs (tn the capacit tit' r, rIs, to iln10reaSe ricc 
ptr(icti( i n til .\i sting riccliards at illC' 3(9i ,lnntiallv 
(oVCve e'vcral decadCs.the Inext 

,\Ieting the demaii 6r increased productivity 
dCeCelns 1tM I -rcami it le\\ kiim \ lCdeC A( llIicC and its 
cn\iroelllcnts and new tcht11 to Lli /.C that kjii wl 
cdgc. IltltI is the tle s aitdvliatuiic, iiteractivo: systeml 
trix in to m1CCI tlat resach goal. (nrollaborations with 

I ,aic ai1d stittcjc esearch inStitt.atio ins d wet ail with thC 
stratcgic rcsCarch \wC tdliCitake: it ItRRI. The atpIie:d 
rcsearch \\c lindccitakC dv'tails \wih otlr c(llbol(trim.nS 
witl iati(in,il ,Lesicultrlrc.crchlipi granisain ihcir (i 
ap1pliCd and adaptive" C ] activitiCs !i. 1).ch'C F 

1. Basic research builds knowledge 
Strategic research selects from that 
knowledge the tools with which to 
solve specific research problam s BLit 
those solutions are sti far from 
applicable technology Applied 
esearch bulds from basic and 

strategic research to develop new 
technology Adaptive research modifies 
that technology to fitspecific 
sitBot Ons 

http:c(llbol(trim.nS
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We place major emphasis on fostering the expansion
of a global tamily of research institutes and scientists 
dcdicated to improving the productivity, profitability, 
stability, and sustainability of rice and rice farming systems. 
Wc rcv oni ntlnlcrous pathways of collaboration 
interactions with adVallcCd resCarch institutions all over the 
world; coopcratii)i among scientists of many research 
disciplines and laboratorics; our own global research 
services; the global research nctworks, and our agreements 
with national agriculture research system programs. In all 
these collaborations, research and training go hand in hand. 

Ncarly 5,O000 rice scientists from 78 countries have 
bccn trained through IRkI so fIar. Many of those working 
for mastcr's and &ctoral degrees havc bccn trained jointly
with the University (t"the Philippines at ILos Ba ,os, on 
Whose campus IRRI is located. Countlcss othcr scientists 
have benefited from the growth that coles through 
profIcssional co llaboration. Several countries that once had 
only a fc\v personnel trained to undertake problem-solving 
rice research now have research institutions staftid and 
equipped at a profCssial level. MaNi\' IRRI alumni occupy
responsible admini strativc p isitions in their national rice 
research institutes and research SVStCIlS. 

Progress ilI impro ving Icc production and produc
tivity in irrigated and tavorable rainfcd areas can be 
attributed, to a considerable extent, to these mcaningful 
partnerships. We expect research on the less favorable rice 

A"I
.
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environments of the world to be as productivc. And wc
 
expect progress on both fronticrs to accelerate because of 
the strength of our historical collabcrations and the 
dynami:;m of our new collaboratons. 

STRATEGIC RESEARCH 
COLLABORATION 

evclopncnts on many fionticrs of science and 
tcchnology are ex.plosive. Bliotcchnology and 
genetic enginecring...micro-clctronics and com
puter scicncCs...satC!!itc imagCer and educational,

technology. As wc look ahead, it is obvious that our 
patterns of collab(ration and coopcration will c(nti uric to 
cvolvc as %\cexpliit the emerging opportunitics. 

Allrcady, the collaborations we have in highly technical 
and innovative research areas arc stimulating all our 
research and training. The researcher intcractions comple
ment the resources and capabilities ot'ihc IRRI staffand the 
resou rces and capabilities of various national programs, 
particularl', in the use ot innovativc research tchniqucs. 

Our collaborations with advanced research institutions 
invoVC Illmcrou.s complex interactions. Some include the 
assignment of scientists to IRRI to conduct research of 
interest to IRRI and to the organizations seconding the 
scientists. In other partnerships. advanced scientific institu
tions apply sophisticated analytical tcchniqucs in their own 
laboratorics to help resolve problems identified at IRRI. In 
1986, wc collaboratcd in more than 70 projccts with 
advanced research centers in difticnt parts of the world. 

Many of the research areas related to rice are also 
concerns of othcr international institutions: insect pest 
physiology and ccology (International Centre of Insect 
Physiology and Ecology), fertilizer technology develop
ment (International Fertilizer Development Center), soil 
(International Board for Soil Research and Management) 
and water management (International Irrigation Manage
ment Institutc), agricultural policy analysis (International 



COLLABORATION WI IH 
ADVANCEI) R-SEARCtl 
INSTITUTES 
In cstablishinq collaborativebasic and 
strat'gricrsearch relationships,IRIU 
applies thesc basic pinciphs: 
a Th',rse-archi identified by IR as 

n'ccssarv to soh'ingqspecificprvblms. 
The collaboratinq institution has a 
clearcomparati'cadvantaige and 
competence in thc iype of'work 

in ,oled. 
* The reasonableexpectation is tmat 

the research will yied siqnijicat 
results within a given time. 

* NecesanyJndingisavailabe, 
Stich collaborationhelps us 

capturethe powerof'tnam reseatch 
fi sol'ing complex downstreamp,'ob-
lems. In addition, it helps to advance 
thefiontiersofknowledge, a basic 
requisitefin'a continuousfloiJ,'ncw 
teclolo ies. 
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Food Poh'2v Rescatch Institute ( IFPRI). Sister institutions 
fundcd lv, the ( M)sti tativc Gr Mp M Intcrnational Agri-
CltItural Rcscarch (CGIAR) that include ice rCSCacI in 
their agendas a1c the International Institute ti pical 
Agriculure (IIl A) in Nigeria, the West Africa Rice 
1)cvcl()pment Assm)ciation (WARIA), and the Intcr
nati()Mal ciCetcr fer Trnypi cal AgricultureI ( IAT) in 
( olombia. 

The intern ai Sci-vice for Natinal Agricultural 

Rcscarch (ISNAR) is crccrncd with str'Cngthcning
natiomal research systcms and contributes t( the increased 
Cffcctivencss (o rice rescarch and deve ] )pmlcit more 
generallv. The Intcrnati)mal Crops Rescarch Institute for 
the Semi Arid Tropics (1CR!SAT ail d the International 
Mize and Wheat I inpr evenit Cnter ((AMMY') have 

llandates fIow crn sthat are C(fI itcrCst in ricc based 1hrming 
s\ystcllls. 

In additi] i, natinall\'-lundcd (organizatieti S,such as 
the Ccntrc Intcrnatiomal dc Rcchrclie Agnmomiquc pour 

Ic l)veh( peninr (CIRA\1)) in France, ptli'Stle activities 
chOsCv related I() ghtdha interests in rice research and 

dC'clopnilnt. 
Through collabe ratimim with these - and many othcr 

instituti )ns - IRRI sceks to idcntit\' and capitalize on all the 
complecmntaritics that exist. A few reports of the progress 

on many research fr )nts tolimw. 

Genetic engineering 
The understanding of rice genetics lags far behind that of 
other important food crops. To accelerate our application 
of emerging techniques in genetic engineering to improve 
rice, we have intensified Mr research on basic genetics and 
our collaborations with basic research institutes. 

Genetic markers and trisomic stocks have been 
assembled or produced; linkage maps have been associated 
with respective chromosomes through the primary trisomic 
technique, and additional marker genes are being mapped. 
Such rcscar.h on linkage mapping is expanding through 
the Rockefeller -'oundation-supportcd wide hybridization 
project. 

Of the 22 known loci o)f isozymcs of rice plumules, 
only 3 had becn mappcd. Now 12 more havc been assigned 
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to their respective linkage groups using the trisomic 
techniquc. This brings the total of localized isozvmes which 
exhibit variation among cultivated rices to I 5. In coopcra
tion with Cornell University, USA, the restriction fragmcnt 
length polymorphism (RFLP) genetic map of rice is being
prepared  with the goal of more than 100 DNA markers 
mapped by 1990. 

The 15 localized isozynics which exhibit variation 
among cultivated rices provide convenient marker genes to 
use in conventional as well as innovative and biotechnolo
based breeding. Another useful applicatito is stbspccific 
classification of varieties for better cxlt Itation of genetic 
resources. We have analyzed materials f'rlnBrazil, Korea, 
India, Vietnam, USA, and the Institute for Research inTropical Ari

iutU
lr T and have develoed a simpli- 2. Simplified method for subspecificTropical IRA ) aclassification by isozymes of ricefied classification method that is reliable, fast, and cheap varieties to better exploit genetic

(Fig. 2). resources. This method is reliable and 
fast, and demands only a modest 
research investment. 

A simplified method to cla:tify ricevarietiesby isozymes. -

Isozyme variation arnorg tices fhum several corltirints can 7 11 1 1 2 2 '2;2I,2
be used to identify sixvarietal groups: indica, jpcrrma with I
its temperate and tropical forms, and four marginal groups P spos glucosei - A
restricted to the notthofthe Indian subcontinent. 

Five diagnostic loci are usedfor classification. The various r- 1 1 5 I 11 131 16t 1 4 1alleles are described on the right, with example; of the ,ymo on a m m -ii- - a - 5gram s of plumules of selected varieties after 4 h electropho 3-22 2 1 4 1 1 1 
resis at 15 V/cm in a starch gel at pH 8.0. The algorithm below 3 2t 
is applied to classify the varieties. 
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3. Throug:i embryo rescue, we have 
been able to produce hybrids between 
cultivated rice and 0. officinalis, a wild 
species with resistance io brown 
planthoppef and whitebacked 
planthoper. Backcrosses of the F1 
hybrids to 0. sativa resulted in 
progenieq with inherited resistance. 

10 IRRI HIGHLIGHTS 1986 

We have already begun wide hybridization. Wild 
species of rice posscss genes of potential value for 
improving culti\'atcd varieties, but until recently these 
genes could not be reached by rice breeders becausC of 
crossing and rccombination barriers. Through cmbryo 
rescue techniqucs, we have been able to produce hybrids 
between O.sati'aand 0. oficinalis,awild species with high 
resistance to brown planthopper and whitcbackCd plant
hopper. We selected lines fromo a second backcross which 
look like 0. satit'a but which are resistant to brown 
planthoppcr and whitcbacked planthopper. The next step is 
to combine these new sources of" resistance \with other 
breeding lines (Fig. 3). 

Usef'ul traits arc present in other wild species; we are 
expanding our research in utilizing these traits for rice 
improvement. 

Protoplast culture and fusion between wild rices and 
cultivated species could solve prefertilization incompatibil: 
ities. Regeneration of plants through i 1itro culture is a 
prerequisite to succcssf'ul nrOtoplast fi'siOj. In addition to 
0. permnis, which has shown rcgencration in somatic 
cultures, we have produced callus frolml 0. mt'ara and 0. 
rvutfiqon/O. vatin' and arc studying regeneration from the 
induced calli. In addition, wc have successfully germinated 
immattre seeds of'Schlhroqpvlhm coarctatum, a wild species 
which is an important source of genes for salinity and 
submergence tolerance. Plants have been raised fr'om 
pmtoplasts of a japonica variety at the University of 
Nottingham, U.K. 

itwe~ C,.*g WC*o CZS In..WC2O zfw-CZ.. 



We arc using anther culturc to dcvclop brceding lines 
suited to Latin American conditions in (Mr collaborativc 
project with the Univcrsidad Naci)nal Pedro Ruiz G.a!lo, 
Peru. From 8 indica crosses nm Peru, 22-1 lines ha\ been 
selected and sent to Peru for testiIg trnder Cd conditions. 

Four anther culture lines from FI IRRI crosses werc 
sent to Peru for evaluation dVg,omnnmic characteristics. All 
lines yielded higher than both parents, and (neiutvicldd 
the local check (Fig. 4). 

Work with tne Rural Dcvehopment Administratim 
(RDA) ot'Korca in developing co d tolerant lines ci tti nucs. 
The 64 lines sent to Korea this year brought the number 
being evaluated to 1,248 in 3 yr. IRRI and Rl)A/K rca are 
using the same mcdia and 11 i'I'ro culture. 

Cooperative experiments \With the Tissue Culture to)r 
Crops PrujeCt, COl rado State UUniversi y, USA, arc 
exploring the use of bi tcchn( hgy in improving rices for 
adverse environments. Siome s miaclnal variants isolated 
already have producCd . lpcri- breeding materials for salt 
tolerance. 

Wc stu died phvsi11ogical and genetic aIpects of 
tolerance for problem soils in cooperation with the 
University of Sussex, England. The research has been 
directed mainly toward explaining the basic mechanisms of' 
salt tolerance in rice. The importance of I'griwth rate, tissue 
tolerance, leaf c mparitmcntation, and root selectivity of 
sodium uptake for salinity tolcrancc in rice has been 
established and screening methiods have bccn developed 
(Fig. 5). 

Yield Wf/ho) 	 4. Of the 4 anther culture lines sent to 
Peru for agronomic evaluation, 1 line0 

AC 700 	 -- AC700 - even outyielded the local 
AC 683 8G AC BG AC 	 check. 

S 90-2 599 90-2 8c3 
8 290, -T 9 IR IR19 

58 792 

6 

Line/Variety 

2 
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75
Increased salt tolerance of 2 anther

cultured lines - TCP6533 and 
TCP6533-3 - from the cross 
IR46/Pokkali. 

Tungro virus 
We have identificd rice varicty BaIman Ptih as tolerant of 
a tungro C(ompi()sitC cattsed bv Ru ugro bacillifiiirm and 
tungro spherical N-irtses. Baitatt Punth inItcctCd by b4th 
vIruses ()c t(tW 5lh iw typicaI Svlnpt11111S - hea thIV and 
intcc plants d i tdifferf( in height and vigor. Sc(h. gical 
tests showed that the viruses did 1(it 111 in infectedultipl' 
Baliman PItti h plants as they did in susccptilhlc TN 1.Yield 
reduction was about 20% in intfctcd Balimau Putih, 90% in 
infected TN 1. 

Serodiagnosis of rice viruses 
Serology is essential invirus research. Wc have isolated pure
forms of rice tungro bacilliform and spherical v'iruses from
rice plants infiectcd with tlingro and have pu rified rice 
grassy Stunt and ragged stunt viruses ( Fig. 6). 

For tmmtnitzation, we separately injected purified
viruses into rabbits and obtained antiserum specific to each 
virus. The scrological tests wc have developed (enzyme
link,".l irmmun( sorbcrt assay and latex ) arc efficient in 
detecting the viruses in rice plants and vector insects. The 
latex test is particularly simple and does not require 
sophisticated laboratory equipment to run. 

We also obtained monoclonal antibody to rice grassy
stunt virus in collaboration with the American Type 
Culture Collection, Maryland, USA. 

Using the antisera, we can make major progress on 
understanding viris resistance and epidemiology. Because 



I3.' '.3F 

tsera availbl hav been ve ry limited, serolo, had tungro bacilliform virus (left) and rice 

notl been iwidelN adopted :in Most Countries of South and ragdsutvrs( l)X500 

inainlrsamprogramis on, virus resistance, diag,
nsis, and epidemiology at 12 Insttutes Iin7 comntries. A :- . ., 

.scial trainmig course for screlogical techniques and their 
app1iciiainiiite Sm~dyofvit-Ls resistaniceanid virus ecolobw 
asbci .started.[ i." 

:! - :.:,: 
: 

iii 

,Collaborativiereseal-6hon rice rungro virus disease at 
th Maro0s Resear-ch Institute for Food Crops, Indonesia, is 

, 
: 

aieid at det~erminiing !the:effectsi of.selected green ieaf
hopper colonies on tungro transmission Becaiuse tungro is... 
aicompo6site disease cau'sed by two raice tungro viruses: " 

baciiiif-ormf and spherical - inoculated plants wecre indexed . . 

Four 	 green leafhopper colonies, which have-been i 7 
d oil IR20, IRX42,-.iR54,and TNiatMORJF ... 5[: ...;" 

sic92,wereused for4transmisSion. IR20 has resistance~i: - .i: 
r-na......i'" 


ffonI
der18'a r- P b,,a dI::::,iR54 
S30612t15. 	 orusedpurfthfe ranti !Rr26pand :IR30loy ythef 	 pas rilvaieies for the I oio e serdling werevi 

,oingand ragged .tuntv r X50,OOOinoculated intdst tubesoat ne insect p er seed 

Southe AsIRNo 5nlon, gave distihct differenal 
serloicll. , 

inational v hil fecton ilIR50and Iagrghera rs 
(Fig. 	 7o) an icolony transmituted both in 7 rice tis 

Cllf bori s(RTBVer and rice tungi0 ispericalairtus; 
oher colonies ntratnitedRTBValone.Inaspgefereois 

oiweIR 0 inand ieedbcieIR 4 ony alih c aed p t 



14 IRRI HIGHLIGHT[S 1986 

Infection (% j 

10 /P20o colony80 0 lnR54 

60 

40
 

20 PRA 

00 IRA?~~~ 

80-

EO 

4C I~ 

R26 IR30 IR386 IP,2 tR50 

7. Reaction, of IR var,etles artificlilly 

inoculated wilh tr gio compositt: 

disease cdttsed by RTBV and RTSV, 
using selectud green le~ffhoppef 

colony 

-_____________ 

RTBV 

RTBV + RTSV 

RS A/c.oi 

IR5' IR60 TN1 R26 IR30 IR36 IR42 IRSO IR54 IR60 TN1 

1esting in nore disease tnsmission. The IR4 
See >II9s, 

i colo" also caLl'd Signi Can tly hiher jnfectCia t ates on 
other varioens with the Gain Pat g,:ncs.

ill lnlle,tral ficld inllcstatios in South SLtIlawesi 

Inrdoicsia, s(ilc IR varieties had rClatively high infection, 
indicating the presence of green Icaftboppcrs that can 
o\VC'C(llC varictal resistance. 

Resistance to brown planthopper 
Wc arc i:(olaborating with the Tropical Dvclopm lnt and 
Research Institute ,DI II, I.{mdon, to dctermine the 
mechanisms if ricc iesi stance to brm n plai-ihi pper. The 
acceptahi its' (d a varictv by brown plhrth(ppcirs can be 
quantificd by the time 'c(mwhcn the in sect starts probingi 
to the time :"Asiistaincd f'.ting. Usi ng a hiMhs lutitm 

video svst( i, we detectdc a resistance mchallisll asso iciated 
with the plant srirfhc. Data suggest ant iosis, a non-

Ipreflernce 11 cha nism, that is stronger in resistant variety 
IR62 than in IR46. 

Wh cii w. ci ectro icalhlvion)iit(wed b rtwit pl anthn pper 

eceding ()irother varictics, we fiund ]( di1fclrcncc in the 
insect's ability to locate its primary i'cding site (the 

phlocm ) regardless of th, resistance of the variety. 
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Tolerance for P deficiency 
Varietal tolerance for P deficiency is important, not only in 
Oxisols, Andosols, atiod acid sulfnae soils, but 1lso in areas 
with multiple stresses. \arictics that can cxpl)it soil and 
ficrtilizer. P efficientlN c(mtinue to be idcntiticd. Confirmed 
efficient P users arc nIedinm t( hmig-durati(mi varieties. 
fhe nse Of P-cficient varieties in c)mjn ncti( i1 with P 
fertilization and organic amcnldments gave a rcsp(se (of 
1.7 t/ha and increased available P in the soil. 

Of three rice races tested in an acid npland soil, the 
japonica entries wre I'iind to be less slisceptible to 
alun minnm and maniganese t( xicitics and to have better 
vigor than the ans and indica entries. 

In an acid acrnbic soil where iri neral analyscs revealed 
deficiencics ()fN, P, (a, and Si pins low t:C-tI- Mn ratio, 
UPI, Ri -7 developed by the rice breeders of the Lni\crsity 
of the Philippines at I (s) Bafios (1.II,) gave the highcst 
v'ield. 

Studies m the gCtwr'vth limiting fhcntos of pr( bCm sISiIs 
conti nue and ncthl)ds fi6r mass sciccni ng and 101r deter 
mining the mechanisms ()t l4e ,c t1( nxicitics and 
nntriclt dcficicncics are being d:vch )pcd. Using chimro. 
phNl IfI escccc tior mass scrck:!Iing againSt snChI s il 
stresses as sal init and acid snltatc conditi()Mns s1i iws 
promise as a t(H l lior rapid selection ()f" rcsistant rices. 

Biological control of fingal diseases 
Antag listic bacteria fr()m riccields pwtentiall coUIld 
c()ntrl(l ric diseases whcrc host plant resistance is nImt 
effective (I where breccding efflirts have tClscd (on1nor 
resistance. li co4lab()ation with Korea, wo isolatcd 167 
bacteria fr, mi Kwc,m riccficId s; 58% inhibited most ricefnngal path )gens, i nclundi ng l'yricu/nrin0izac. Most of the 

bacteria which produced bln fIlorCscCnt pigment (o 
King's Medium B wCrC antagoistic to at least three rice 
fngal patimgens. 

P rim arv screening for the cf1'cctivcncss of proiriisiniig 
isolates wvill be tested in Korean experiment stations in 
1987. Similar projects are planned with scientists in China, 
1.Jia, and Thailand. 

Wc coillaborated with the Dcpartmcnt of Microbiology 
and Microbial Genetics at the Univcrsity' otf Gh:_nt, 
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Bclgium, to isolate and test the taxonomy of 23 of the 
bacteria strains. On the basis ofphenotypic and biochemical 
test, the bacteria were identified as Bacillus p umilus, B. 
latrosports,Pseudomonas acrqiqnosa, 1'. fluorsccins, and P. 
rlnisubalbicans.St'iatiamarcrscnsand a species of Erwinia 
also were identified. 

As part of the application of biotechnology to rice 
improvement, scientists from diverse disciplines discussed 
the problems and research strategies related tw blast, 
bacterial blight, and virus diseases at a Rockefeller 
Foundation-sponsored workshop this year. 

Because pathogenic variation has been a problem in 
developing durable resistance, research collaborations with 
the University of Wisconsin and Kansas State University, 
USA, will study the genetics oflhost-pathogcn interactions. 
The initial focus will be on genetic virulence inl PVIyculaia 
wmnac and Xanthomnonascam Pcsrtspv. oiizac. The collabora
tions also will provide training opportunities for scientists 

8. One of the more than 300 local in national agricultural research systetms.
isolates of Bacillus thuringiensis in the 
germplasm collection at the Institute of 
Biotechnology and Applied Genetic polymorphism ingreen leafhopper 
Microbiology, University of the Genetic polymorphisn in Ncphotctrix vircsccns was studied 
Philippines at Los Bafios, being using horizontal starch gel clcctroplresis. Of thc 18 
prepared at IRRI for screening against 
1 of 6 lepidopterous pests of rice. enzyme loci studied, 14 were polymorphic. Other enzyme 

k 
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loci are no\\ being investigated to determine the genetic 
variability of N. ;UrensCC), 

Bacillus thuringicnsis - an indigenous microbial 
pesticide 
Insect pathogens that controtl lcpidoptcrous pests can be 
culturcd in large quantities to be sprayed like an insecticide. 
The Institute of'iotcchnology and Applied Microbiology, 
UPIi, has collected imrc than 300 local isolates ofBacillusth;1q11nsis (Bt) ( 1 g. 8). laboratorv tests t'und more 

than 50% toxicity in a niutbcr of thcm: against green hairy 
caterpillar iii'ulaatimcta, 150; green scmiloopcr Naranga 
aet-nsccns, 98; cascw( rm Nvmphula dcpunctalis, 72; leaf
folder Cnaphalocrocis medinalis, 71, vcllow stem borer 
Scipqpha incertulas, 7, and striped toIm bo rer (Chilo 

supprcssalis,6. 
A protcilaccolS toxic crystal fIOrmcd in Bt spores is tie 

material spraycd. on the rice crop. Insect larvac stop fccding 
6-12 hours after cating the lit crystals and dic of starvation 
within 2 days. 

After the toxicity of pathogen isolates against army'
worms and other lcpidoptcrous pests is evaluated, several 
pathogens \\i] be selected for large-scale production and 
field testing. 

lit is nontoxic to hum1ans, natural enemies of'rice pests, 
and the environment. 

Biological control of brown planthopper 
We ficld-tcstcd scveral fungal pathogens against the brown 
planthoppcr in cooperation with the Institute of Agricul-
turil Sciences, Officc for Rural Dcvclopmcnt, Korea. A 
small mass production unit in the laboratory produced the 
infective fungal material that was applied by conventional 
methods. 

The ftingi significantly prevented brown planthoppcr 
population buildup (Fig. 9, 10, 11). 

Botanicals for insect control 
We expanded our studies on neem Azadirachtaindica seed 
dcrivativcs for pest management. National programs in 
Bangladesh, China, India, and the Philippines arc col-
laborating with IRRI and the East-West Center, Hawaii, 
USA, in adaptive experiments in farmers' fields. 

BPH survvn (no)
 

3500
 

3000
 
Control
 

2500 

2 

1500 
Treoted with 

1000 Me/on,VZm 

Treoted , sih e 

0 ___,,. .. 
5 ter a 

9. Survival of brown planthoppers 
(BPH) treated with Metarhizium
 
anisopliae and Beauveria bassiana
 
fungi.
 

10. A brown planthopper infected with 

Metarizhium anisop/iae fungus. 

11. A brown planthopper infected 
with Beauveria bassiana fungus. 

i 
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Asian l1ril crs (Fig. 14). 
Basal i tnc,tpmatrim (tIN crtililcr with.l sialdilLg 

waRCr but with sOii sat IIr,1tin nha ntai ncd t1tr 4 days grcatly 
1111111111izd amt tia h iss an di cnrp rcc,%crv ()f 
applied N and icid 

T est n,,riacd niitri ticati. tn dcnitri icarnin hi,,, \va~s 

generally unnatli'Cctcd hV t'rri izcr applicaZt i ratc and 
nicth d. 

Aggregation in puddled soils 
Thc ch ddv, pSt ily aggrcgatcd s()il IcItt lfcr ricc hi ndcrs thc 
cstaI,bi nicnt otf'scc( td c( tps. Wc studicd the fi trmatio )ft" 
soil aglrCga[cs 111d tiir stahilit\' in pnddlcd sil isafttcr ice 
in ciilahtirti(t with tile Sol] Sciciicc InlstitMtic, Lni\vcrsitv 
()f I-lani rgz, Federal Republic ott'(icrnan\'. 

Special discriillinating ,ah'scs cstahLishcd a sv'scil hy
which the watcr stability (faggrcgatcs cail bc dcri'Vcd froi11 
the analytical data Comillili gatllred ill ")il siirv\cvs. The 
system, 1(1\w bciig rcstcd tin 200 soils ill the Ph1 ilippines, 

13. Mortality of btown plaithopper 
nymphs on rice plants sprayed with 
ftn~rn 

the 0 i11(1 prdlator Cyltl /ht it.'s 

n seed extract, with mi1(d withmtl 
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14. Cumulative ammonia loss under
 
different fertilizer management NH 3 loss (I)
 

practices. Aguilar, Pangasinan, 40
 

Philippines, 1986 dry season. 
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S. K De Datta, reviewing the results of 7 
ammonia volatilization loss studies at 
Aguilar, Pangasinan, Philppines. 

could be a simple tool ftb)rsoil surveying and for mapping 
soil aggregation in puddled soils where data of routine 
chemical analyses arc already available. 

Evaluation of water retention curves in long-tcrm 
experiments with different organic amendments indicates 
that organic matter is effective in increasing the water 
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holding capacity as well as the porosity of the Tropaquep'cs 
and Haplaquolls tested. 

Rice straw decomposition 
We labeled rice straw with "'C to measure its dccom
position pattern in aerobic and submerged soils in col
laboration with the Soil Science Institute, University of 
Hamb urg. 

Inlaboratory studies, mineralization rates werc highly 
retarded under submcrgcncc. But in the field, mineraliza
tion was very rapid, regardless of water regime, and 
followed a logarithmic ifnction in all soils. The decom
position of remaining, morc resistant mctabolitcs and 
residues is similar for all soils, with a half-life of about 2 15. Decomposition of 1 

4 
C-labelled rice 

straw in tropical upland soils andyears (Fig. 15). flooded tropical lowland soils. IRRI, 
1986. 
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These results are iII line with long-tcrm studies at IRRI 
(o the etfect of\atcr management in straw-ancndcd plots. 

Because ()fthc rapid initial mincralizati( , apphicatio n 
ot organic suiL1; ratcs with a high carbon-to-nitrogen ratio, 
such as rice straw, deprcsscs both exchangeable soil NH 4 -N 
and sril sI ltiri NI114 -N. A visiting scientist from Sri 
Lanka stIdied the ititricnt release patterns of azolla, 
sc.sbaia, c!r( t.il Iaa, arnd cowpea grecni manures and rice 
straw. 1.Ul ikc straw, "tccn mauILrC ICrp )(rati(nenhanced 
N114- N crncentrath(im in so iland soil solutions and 
increased icc \ilds (Fig,. 1(). 

Effect of tillage on soil physical properties 
TiIlage st' dics at Sukamandi, Indonesia, )fsowbean tol-
Imvinr Irrigated ricc arc paralleled by studies at ILos BaFnos 
(t muingbcn itoll1wiing irrigated rice. Both so\'bean and 
mun .,,bean ir!hrwi g decpwatcir rice will be studied in An 
Giang, ict imil. The sti dics have similar cxpec-imcntal 
designs and ise" similar prrCCdirc, tr nueasiire sril-watcr 
and s(ril-,t rcngth variablcs. 

:(r the l.(s Bafir ns cx pcrimcts, the IITA lPr(gram in 
grai -legume i lprrmcmcnt i prv(idig icnsi'c cvala 
timi (lf ncrp()-atcr I-clatitrms flnr pr mi sing culthiars and 
I 1 "',,i helping with stdics ('si il-nitrate conse,-vation by 

16. Kinetics of soil solution NH4-N in a 
flooded soil without a rice crop. Rice 
straw. azolla, and sesbania were ' -, - in r' 
incorporated at 116 kg N/ha. IRRI 
greenhouse, 1986. 

5&,R,,Rice straw 

0------- --- ---------- -I-----L 

0 "10 -IO BO 1) 120 

[)u,"; after flooding 
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18. Field measurement of rice canopy
photosynthesis A transparent
chamber isplaced over the cop for 
less than a minute to monitor carbon 
dioxide uptake and vapor release of 
the plants. A portable generator makes
the system mobile. IRRI, 1986. 
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The studics shioxv that ct'fcctivC pudd!lig can be 
achiCvcd with h,-0.cr inputs of"puddling water atid cncrgy 
than farmers gcncrally usc, and that rice yields do lot stiffcr 
with lower inputs. Wc dctCrmilcd that the minimum 
cnicrg ' nccdcd to decrease w\ater infiltration toa acccplably 
low I mm1111/dav %Nas 3 kJ,/mI-2 ground arca with ph twing and 
5 kJ/m1 2 with rototilling. 

Ancw floating rototillcr was able to pulddlc a un11it area 
of riccficld more quickly and convcnicntl than either a 
skid-,iipportcd rototillcr Or a plow and harrow. Howcvcr, it 
was less cffectivc in controlling weeds and itweakcned a 
shal lower i()mc of s(il --- a featu rc that coUld impair root 
and crop growth during periods whcn field submcrgcnce 
cannot bc maintained. 

Soil management in rice-based cropping systems 
McthJ()ds for m(asu ring physical vJ riablics in floOdcd rice 
soils havc bccI) dcvch)pcd by the National Rcscarch 
Institut f Agricultural E-ngincring (Japan) and the 
Univcrsitics of Ibaraki, Nihon, and Tsukuba. An English 
text autthorcd by scictists from thosc institutions that 
dcscribes these mcthods is In pt,)duction at IRRI. Iis
cussion forum1S arc providcd through soil scicntists and 
agrohydrologists conccrncd with the physical aspects of 
soil managcmnt in ricc-bascd croppi ng systcms. 

Monitoring canopy photosynthesis 
We monitored canopy photosynthcsis and night respiration 
in irrigated rice and used computer-modelling to detect 
con,;traints to light utilization and yield formation at 
different developmental stages of the crop in collaboration
with th'"Botany Institute, Univcrsity of Hamburg (Fig. 18).,i n both wet and ory season studies, traditional 

transplanting caused severe physiological shock, st:onglyreducing tillcring, and delaying crop developpment by
2 weeks. Dibble-seeded rice fbrmed a closed canopy in a 
shorter timc and produced more d, matter than trans
planted rice (Fig. 19). 

Recovery of symbiosis from endophyte-free azolla 
The aquatic fern azolla is in symbiosis with nitrogen-fixing 
cyanobacteria Anab'na azollae Strasbu rger. Separation of 
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~19. Groth patterns of dibble -seeded 
7and trans flited 1R64,tmonitored--

thouh cu uaiecnp 

a ~Photosynthesis, Severe growthi
reduction at 30Odays in transplated~ 2 ~ 
rice was caused by tranisplanting 

fiolOnII j shock, IRRI, 1986,~ 
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thfeAzola .Anqaena complex into host and endophytic
 
Cvanobacteria has. beeni reported, but~not recovery of
 
symbiosis in endophyte-frec azolla. 
 .4 

We reconstructed, symbiosis in A nabaena-free azolla4 
A.mcrophyllai or A. fificuloides by grafting the indusium 4 

4contaiinig A. 'azollaonto a fertilized megaspore apparatus
 
~(ig 20).Tile mature megasporocarps came from China.
 
The enclohyticAnabavnadeveloped was able to fix N2 .It 

Wxyas, identified by monoclonal antibody at the ;National 

. 

.Azola 'Research Center, Fujian Academy of Agricultural 
10,~.Sciences.m 

~1VThe inocutlation oflaboratory-gro wnAnabalena isolates 
~onto Anaba6nd'-e ,azolla led to the colonization of 
gAnaban inside and outside the azolla leaf cavittes. The 

Abi a recd ositively against the fluorescent anti
bis~prepared fromi laboratory-grown A. azollac b it

rnegativel, ,iaist fluorescent antibodies from symbiotic 

'azllacana Thiedi&ola inected jby laiboratory-grown A.
 
alaefildt grow'i a N-free medium.-V '''" V.2 

/~~4~, 4..'.~2'2'~ 4 
4 , 4 4~Th4 44-2~~ 4>-44 44 4 '~.~4222.4 444 .4. 
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20.Germination of fertilized azolla 
Spoirocarps On the left, sporocarps

without indlusium ,--no Anabaena 
 •
 
cells foUI d;on ti-,e right, sporocarps to B u - r el la 
whichi ind~usi .n,was grafted -- A better t11ldersManlnlg'oftile eCCoo1,o blue-grrun a[le-

Anabaena cejlIound ' 
a)lPericolumellar area (pc) of II :g culturalinwetld ricefic(ds, would peri-1t dcvclopinI, 


•decapitaed megaspore appar -atusS practices that consistently i1laxlnmlze tile contribution of.Spushed up by the developing emnbryo. 
"Part of the float (f)shows the cut ,.photodclpencn-tN2 fixaition to tile N2 nu1.trition of'rice. A 

:surface (cs). b)Sporeling atshootingt senior scientist fi'om the French Scientific Research.•stage, Cotyledon (ct), first, 1e06f(fl). In i u c f r D cc),,Anabaena'cells (ac) on the centeredo c o m n O ST M a ent~t oDvlpmn O SO )hsbe 
pericolumellar area where clporeling i r'cscarch1ing FIe-l-ivin~hCgIbleCren algae at IIRII since 1981:.;•emerging, d) Anabaena ce Isattached! outviy n
 
tothe surface of first derveloping leaf 'Lb
Stoieo le shownpositio, prdctvty-ad
rimr (1) ivatlet rIc haesonhtN-fiXinlgb ue-greenI algae

Mmordia(Ip haeI potential 0o''abou1t30 kg N/ha pet" rice crop.
: ...."Depending onl tile nature of the algal ma~terial and the';" 


: "application methiod, 15-36% o~f the b1le-green ilga N is 
•availa1ble to tJhe 2 crops following al.pplicaltionl' Limiting

Eicto~rs are} 1)deficien-cy and invertcbratc pests. ?i 
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We have found that N2-fixing bluc-grcen algae arc 
ubiquitous in rice soils. Their abundance correlates with 
soil pH and available P (Fig. 21). In most rice soils, 
indigenous N2-fixing blue-green algae occur at dcnsities 
much highw- than can be brought ab ut by inoculation with 
strains sclcc,-cd in the laboratory. Applying phosphoLrus, 
controlling grazer populations with organic pesticides, 
using deep-placed N, and inoculating with an inoculum 
produced from the indigcnous soil had positive cffccts on 
N2-fixing activity, suLfacc accumulItion of"N, total plant 
weight, and grain weight. 

IRRI's blue-green algae c)l lccti(n nowt cntains about 
180 strains fro m 17 countries, most of them N2-fixing 
strains isolated froni riccfields. 

G teen manure crops 
Rcscarch on stCrn- il)dulating legume Scsbania rostrata has
intensified, in collaboration with the University oficsscn, 

Germany, GTZ and CIIAD. 

Systems analysis and simulation for rice production 
Simulation modcls - simplified, mathematical representa
tions of reality - arc now much more accessible because of 

21. Heterocystous blue green algae
Icj CFU/. 	 .H BCA .er.cy.ous 	 .... (log CFU/cm2) in soils as a function of 

soil pH. Algal flora found in 130 
ricefield soils from 6 countries7 contredicts the earlier belief that N2
fixing blue-green algae are not present 
in many rice soils. N2-fixing blue
green algae were found in all soils6 

e * .. "studied, at densities averaging 3 / 105 

: ,* ", *•e"colony-forming units/cm2 soil. 
59. 	 . ,% * Heterocystous blue-green algae 

9 *correlated positively with pH, available 
/ • • ,P, 	 and CEC. 

3 

2 *: 
0 3 4 5 6 7 8 9 K, 

pH 
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22. Crop growth simulation modeling 
was studied by 32 scientisis from 6 
countries and IRRI at the Centre for 
Agrobiological Research, CABO, 
Wageningen, The Netherlands, as the 
first stage of a long-term cooperation. 
IRRI and collaborating countries are 
developing capacities to use 
simulation models in the application of 
basic research on physiological and
ecological processes in applied and 
adaptive studies of upland and 
lowland rice. 

the Ivailabilitv of personal computers. Models of crop 
production with no sotil or biological contraints now help 
pcdict potential yields for new sites. Water status and the 
CfTcot of'watcr stress oi c-(01 gr' can be Y;mulatcd fairlVCtl" 
well, particular'. for a fidt w a dccp siil water tablc. 
New nodels arc being dCvcl(ipCd as kn)wldctgc of crop 
processes grows. 

Wc have bccn 0collab( rati ing with the Centre tr 
Agrobiological Rcscarch, \Vagcningcn, The Netherlands, 
in a training cmirs n modeling and simulation (f I-ice 
pr )ducri(n. Basic materials wcre- si mu lation modelscr(o)q 
developed at Vagcinglln and rice crop data from IRRI. 

Eight muhIidi scipl inary teams of" fou r ,cicntists each 
fi-r u six cot)u ntrics and IRRI comlplcrcd stutdies invO)ving 
bo)th a cr(op gro)wth si itilatonm 1,de land Crp gr(owth 
validati(on rscearch (Fig. 22 ).Somc c(mnputed po teitial rice 
pr ducti( m in their ()\wI c(i)tintrv, taking int( account 

specific weaiher cltIIlditi)Ils an1d varietal charactcristics. 
()thCrs added soil water balance, to qtantifv the effect of
intcrtnitteMt drought ()l vild. Scvcral studies c()ncerncd 

the damage caused by spCCiCd levels of biological
c()nlstraints - ycllow Stein [oi-rc, Iaf blast, weeds. One 

gi-oup studied the effcot (of niti-ogen f'rtilizcr on cRop
pr-oduction. 

N-V
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In the sccond phase, IRRI will extend its capacity to 
use simulation modcls ,- sJystcms analysis techniques and 
national institutes will dcvclop thcir own infrastructurcs to 
effectively u:sc basic research in countr.'-spccific models on 
the physiCological and ecological proccsscs of upland and 
lowland rice. 

Increasing yields of shorr-duration varieties 
Short-duration varieties usually have lower yields than 
medium-duration varicties. In collaboration with the 
Tropical Agriculture Research Center, Japan, wc studied N 
level and spacing with six short-duration varieties and 
breeding lincs. I.ow yields could bc explained by less sink, 
which is attributed to lc;s N in the plant at flowering. 

This can bc offsct by closer plant spacing, i-esulting in 
maximum tiller numbers bcforc paiiicle initiation. Panicle 
number type varieties arC less rCponsivc to cultural prac
tices than arc panicle weight or intcrmediatc tVpcs. 

Optimum growth du rati(ln and maximumn yield may 
vary with cultural practices and soil fertility. When growth 
duration is shortcr than opti imium, yields dccrcasc because 
of the small amnouii ,'diffrcntiatcd sink caused by low N 
in the plant in the spikclcr initiation stage. When growth 
duration is longer than optimm, yields decrease because of 
an increase in dcgcncratcd sink. 

Maximum N efficiency in sink firmation was observed 
in 125-day varieties at 20- X 20-cm spacing. 

Farm-level fertilizer nitrogen efficiency 
We- eealuiated the agr nonlic and economic feasibility of 
deep placement of N firtilizer in irrigated fields against 
standard practice and othc. improved practices. Deep 
placement ofurca supergranulcs was as good as, and often 
better than, other pi-actices. 

The Center for ,,ilResearch, Indonesia, has a pilot 
project in Java to evaluate the economics of urCa super
granules and priilcd ui-ca over the long term. In 7 of 12 
trials within 2 years, urca upergranulcs at 60 kg N/ha 
produced the same yield as prilled urea at 90 kg N/ha 
(Fig. 23). 

In trials conducted by the Soil Fertility Division of the 
Thailand Department of Agriculture, dccp N placement 



I 

30 IRRI HIGHLIGHTS 1986 

23. Rice yield increase and net P 'Pensrofian)15- 86 
benefits from deep-placed urea /ha h nr t t/o n e H su-
supergranules and split applied prilled Yild- n t,'hcj Nit te:ebl (Tnoised rupioh'e 
urea. Farm-level fertilizer efficiency eep 300 
trials. Pati, Central Java, Indonesia, eplaceni,
1985-86 wet season. 
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was superior. In a coo)perative project with the Bangladesh 
Rdce Research Institute, dIccp placement of' 58 kg N/ha 
gave sgiiatyhighcr yields; than other fertilizer trecat
ments and was similar to yields with 90 kg N/ha using split
application. 

Cooperative trials with thc Philippine Ministry of 
Agriculture suggest that at 58 kg N/ha, deep placementhas a potential advantage in some locations, but split 
application was just as efticient at most sites. 

Grain quality 

The major aroma principle inco)oked milled rice of eight 
aromatic varieties firom five c(itintries has been identified as 
2-acetyl-l1-p\'rro)line through gas chromatography-~mass
spectrometry Iastudies flavor chemists at the USDA 
Wcstern Regional Research Center, Albany, Caliornia. 
IRRI cereal chemists identified the rices. Padan leaves 
commlyt h added du riig o king to impart aroma contain 
the same chemical. 

IRRI cereal chemists earlier found that hard gel
I 111101vdconsistency rices have~harder cooked rices than those withI 
soft to medium gel consistency. A cooperative study with 
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starch chemists at Kagoshima University, Japan, demon
strated that the amyloses of hard gel consistency rices have 
properties similar to those of low-amylose Japanese rice 
starches. 

High-amylose rices have been shown to have lower 
plasma glucose and insulin response than waxy, low
amylose, and intermcdiate-amvlose riccs. Estimates by 
nutritionists at the University of Toronto of the glycemic 
index of three high-amylose riccs difftring in gel and 
Amylograph consistency at the gelatinization tempcraturcs 
used in processed rice products, parboiled rice, and rice 
noodles suggest that low gdatinization temperature riccs 
have higher glyccmic index than intermediate ones. The 
major factor seems to be shorter cooking time. Processed 
rice products also tend to have lower glycemic indexes than 
milled rice. 

Feed quality of straw 
The ruminant fed quality of the straw of IRRI varieties is 
being studied in cooperation with animal scientists at the 
Institute of Animal Science, UPIB, and the University of 
Melbourne and IaTrobc University, Australia. Varietal 
screening of both high-yielding and traditional varieties 
also has been done with the Animal Feeds Section, TDRI, 
London. Dry matter and organic matter digestibilities 
differed bemeen wet and dry season crops, suggesting a 
significant effect of environment on the fccd value of rice 
straw. 

Upland crops for rice-based farming systems 
The most important up!and crops grown before and after 
rice are mungbean, soybean, cowpea, maize, peanut, and 
sorghum. We collaborate with national programs and other 
international centers to idcntif6 , varieties suitable for rice 
farming systems. 

In 1986, we evaluated 266 advanced cowpea breeding 
lines from IITA for environmental adaptability, disease 
resistance, and yield performance. Several short- and 
mediuin-dtiration lines were superior. 

Of 240 soybean lines tested for adaptability, disease 
resistance, matuirity, and yield per-brmancc, 42 were 
advanced for yield tests. We also evaluated 16 each short-, 
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mcdiun-, and long-duration cultivars foryicld performance 
and seed storabilitv. 

In collaboration with the Philippine Institute of Plant 
Breeding (11B), we evaluated 3,715 mingbcan cultivars 
for planting after rice; 44 lines from the Asian Vegerable 
Research and Development (einter (AVRIXC) were highly 
resistant to powdCr' mildew. 

An observational nursCry of 1,323 peanut cultivars 
from IPB and International SOVbean l-ogram (INTSOY) 
was planted fiollowing rice at IIB and Pangasinan State 
University: 99 were selected for preliminary yield trials and 
5 were included in the Asian Rice Farming Sxstcns 
Ncrwork. 

Observational nurscrics of INTSOY soybean cuL Itivars
in wet and dry seasons looked for high nitrogen fixation, 
tolerance for acidity rust and Ccrcospora leaf spot, and 
large sccdcdncss with high yield. 

We evaluated ICRISAT sorghum varieties and hybrids 
during the dry season and pigeonpca varieties after lowland 
rice Under zero tillage. We also screened legumes for acid 
tolerance in collaborative rcscarch with the Indonesian 
Sukarami Research Institute for Food Crops (SARIF). 

In collaborative research with the Philippinc IPB and 
the Thailand Field Research Institute on . ought-tolerant 
soybean lines, we evaluated cultivars under linc-source 
irrigation gradient. Medium-duration (85-90 I)cultivars 
performed best; short-du ration lines had low vields, long
duration lines either had low yields or did not show any 
yield advantage. 

STRATEGIC RESEARCH 
COOPERATIVES 

ncreasingly, the accclcrating needs fOr new knowledge 
about rice demand that research be carried out at 
cpiccntcrs of stress or across the varied cnironmcnts 
in which a problcm occurs. Sophisticated research 

equipment and the costs of high tcchnolog research also, 
impel reciprocal cooperation. 
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New forms of partnership are developing. Some 
provide pathways for utilizing the resources of more than 
one international or regional research program, others 
enable developing countries to collaborate across geo
graphical and political boundaries. These multilateral 
scientist and institutional linkages are a new strength in 
mecting, the new challenges. 

Si..rly work directed mainly to irrigated rice was done 
mostly in the Philippines. As wc: shift our emphasis toward 
less favorable rice environments, much of our research is 
being undertaken jointly with national programs whcrc the 
particular rice environment or stress situation is found. 

This approach includes developing a coordinated 
global research program to accelerate progress in raising 
and stabilizing rice yields. 

The emphasis is on a particular environment or on a 
mcgaproduction system, in research designed to serve two 
or more countries with similar agroclimatic conditions. 

Rainfed lowland rice 
Rice is grown on about 30 million hectares of rainfcd 
lowlands in South and Southeast Asia. The most extensive 
areas are concentrated in the belt stretching from eastern 
India and Nepal through Bangladed and Burma to 
Thailand, Laos, Kampuchea, and Vietilam. Strong links 
with national research programs arc essential in our 
strategies to improve rainfcd rice yields. 

Traditional rainfcd varieties arc tall and photoperiod 
sensitive, ensuring reasonable yield stability under tin
predictable weather conditions. Improved rices should give 
higher yields vhile maintaining as much of that stability as 
possible. Such traits as tolerance for drought, flooding, and 
adverse soils that arc being incorporated into intermediate 
height breeding lines should provide valuable germplasm 
to breeders in national programs. Because crop manage
ment is critical to obtaining higher yields with improved 
rainfed rices, agronomic studies go hand in hand with 
varietal improvement (Fig. 24). 

Our program in Thailand to improve rainfcd rice 
yields in a drought- and submergence-prone environment 
illustrates the collaboration that this work demands. Almost 
half of Thailand's rice area k. in the northeast, the most 
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Snurseries at 6 locations coil I y and rice g4w ow CC t/ha).in Northeast -::irhitbc,,.. i-ad a t d r g o f Uit-.S iI rarc 4(1.3 ,Thaidlanld.d 	 i~ilral,ars adhghly infecrtilc, rainflall is low ':andal.. 	 1 

:)' ,: h~niprovcd r:,ices thlat call rcplacc the-tall, low:{ ieldinig 3 
loal varictis mullst beC photoperlod cliican ru'li:[i ;tolerant. 	 Crosses ol"Thai varieties and IR1Ibrccddilg lincS: 

with improved yield and disease and insect resistan1ce:;Ir:' : 	 binig grown= caclh rain\' season at six nortlicast Thiailand 
research stations. Thlai"and IRRI brcCdcrs mlake the F2 
selections ill the wect seasonl an1dbriing the seed to llRRI toar 
plant during the dry season fi)r a genelrat(in advance aindi 
so'eeiri1g. I~is yecar, wevden fle S n l";sI m pii ines f'or:: 
testinig,.': 

.;,Crop manlag cntcn.. stUdCs. have focused (ni ,arital_
Sresponlse to inputs anld Crop esrab)lishmllcnt. 1lnq-\ii'ei)s: 

: :.:i~l: ' i, : , :greenl ilanure Crop1,, such as Slbania1 raon'a rCsponsc{ to{.,,: 
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fertilizer incrCased. Bcal'SC Carly crop ctabli ,hI1cit is 
essential to ,v()lid dr(nuIght and sunIctlncc_W wC arc 

studying direct sCedinrig mcthod swhich C(ul al ItM arunc.. 
to establish thir rainllcd ricc: croy hch ic th(.t' strcsscs 

CClI I, i a cni- iln \',ars \\I 1i1 water sli1 t ages 1a11kc it 

iiltisii t tspli. 
r Idca, ti N 

applicati~m, in drmght prone raint'cd arcas. I..Irl\ N 
appearedil ill iiflprt i\c 1)1.1111 \ igoir, cilullilg tlc cii p t 
better \ itIlt,lnd v<ii itltc strcss dilriiig \cl ctaii\c and 
repro ductn\ c ph ,,cs iFi, 25 i. 

( )ll" ICrrCch sI(M\, cIC,ws" lvntCs Cadyh 

Upland rice 
Abitn t\\)i ililS tlC \\( I ii'pil Fnic g i\\ uricc llii 

lra\(rblc Ci1\iriinnlclilt. In a s.ir\c\ on upland rice, 

Mo istly II\\ I aild dcplct.d ma,or cl civeilts; blast, palrti-
en Iari nec',k blast" dro~ught ait ,ditfeLrcnt tics, in i e 

gir i\i lig -citi iii, ,1tId wccds. 

Bccausc"the prl'i-( Llll s '1ac s]m ilr,1 11- ili d thc ooid, a1 
Srice 

C( ii )Cl tV\ ()i ll'Jbcd [71•eCdl, h c, ll ,t3 tcd. "IIc1cIeCLcCC 
scientists arc cxchangingi matcrias IiIIinlat it, visits, and 
rescarch -csults abIot brccding iatc rial, in divrsC dillticuIt 
condit ins. "hC ip A, inutro incl ude, SARI Inkdoicsia, 
C rro >Nacional die Pc,,quisa-Aririt lcij3o ill Brazil, 
Institut dcs Savancs in Wcst Africa, the Lmi\rcrsitv (I" 
Chian , Nai, T haiInld, a d W st Bn ll, In ii, , with 

suppI)It fr(i+ (. IAT, I IA, WA RI )A, I RAT, and IRRI. 
In 1986, promising lines and \arieties chosen torrheir 

adaptability to poorI siiilS, blast rcsista cC aid drought 
tolerance, and go Id \cgctative vi go \\crc cxchallngd. 

In 'Vest Bengal, breeders selectCd scvcral I lientries 
that shl,\\eCd ncttc Iii gl tIerancethan thlehi)c,ll clhccksr cra 
(Fig. 26). At ViIlavicncinclI, Colombia, 73 progemies firoi
 
IIUUIand NARS wCrc selected for adaptability to poor soils
 
and blast resistane (Fig. 27). At IRRI, about 140 entries
 
wcre selected fiom the morc than 600 screened.
 

Problem soils
 
Most raint'd riccla nds suif'cr fr-1nn niral dcticienciCs,

toxicitics, and iibalaneccs. ,ine irrigated lands, such as the 

sodie soil arcas of India and Pakistan, also have such soil 

Yield iho) 

Early N application
I4- (1/2 basal +112at 37 (DT) 

[-Delayed Napplication
,(2a111DT+II2 at 65 

DT) 
3 D 

2 -

- . 
: ;Ci. 

None Vegetative ReprodUctiVe 
phase phone 

ltllcc ..... i-e~s.,+,oul iiu'r , 

25. Effect of N timing and moisture 

stress on grain yield of rainfed lowland 
with 80 kg N'ha IRRI, 1986 

D l days after transplanting 
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F 4 P re nts G ro u pJ M turty Yie ld Fe rtility , 

1R46787 10 IRAT 104 Salumpikit 6 1 93 135 72IR47687.33 
 IRAT 104 Salmpktt 6 1 
 92 6
R47688-35 IRAT 112 Sen Talay 6,1 
38 

91 102 50R47697-2 ITA 235 IR9669 6,1 91 85 70IR47699-22 ITA 235 Palawan 6,6
IR47699-28 ITA 235 Palawan 6/'6 
87 140 6789 11b5 55IR47701-20 ITA 235 UPLRi 7 6 1 80 94 65IR47705.6 Moroberekan P~idawan 6,6 89 100 7i 

IR47721-21 IRAT 177 Boewan, 6,111347-724 14 Mort,rkarn IRAT 177 89 113 556/6 90 140 47 
IR47730 4 IRAT 112 Apura 6/1 86 92Dulor (local check) 

60 
2 85 81 32Pankc lccal check) ? 100 123 9Soni (local cleck) 2 82 65 43 

o ,
Mativ ity seed tospec dur eantni (j,lys 
Group elertrophorests (dIiI 

26. Performancc of IRupland varietiesunder severe drought at heading inWest Bengal, India, 1986 wet season. strcsscs as salinity, excess Na, and Zn dcficiencv. In Southand Sotutheast Asia alone, about 23 million hcctarcs of 
advcIse soils coulId bc uscd f0r rice cuItivation ift( nlcraIlt 
varieties at1d management practices wcrc availaNe. 

The colIplcxit and l)cation speciticit otfadvcrsC soils 
dcmiand that varietal inpr .,c'n1ert rcsearcl bC caried out 
in target environments. Bangladesh, India, Indoncsia,
Pakistan, Philippines, Sri Lanka, Thailand, and Vietnam 

27. Performance of IR upland varieties
in poor soils and with severe blastincidence in the Ilanos, Colombia, Selected hiies Parents 
19 86 w et s ea s on . I 4...6. - 

IR47686-4-2 IRAT104 PaiawanIRI1476867 1 IRAT104'Palawan 
IR47686-7-2 IRAT104,,Palawan 
IR47686-8.4 IRAT1O4/Palawan 
JR47686.102 IRAT104 iPalawan 
IR47686-12-3 IRAT104iPalawan 
IR47686-13-2 IRAT104/Palawan 
IR47686-C.13-2 IRAT104/Palawan 
IR47686-13-3 IRAT104/Palawan 
IR47691-9-7 IRAT140/Palawan
IR47691-48-5 IRAT140/Palawan
IR47698-16-4 ITA 235."Kinandang Patong
IR47698-16-5 ITA 235KinandangPatong

"All fall under the 6/6 group electrophoresis data. 

http:IR47687.33
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participatcd in aw)rksht , to)rIc\\ thc statusIand ncCds () C 
variCtal inlpr()iVlC1tcnlt rCsCarch. Thc inahlityIit\ f"natIM l 
pl( gl-alni',to )ciHdItct pcl ccdingII rcsearth is a srit ul s 
C()ltst rati .
 

I) ,'Induct tprct';CCditu, ICsearch, I1RI is CllatNra

tling, in a rc<,ca.trh Cu,tativC with ii tiumal prcit!rams 
scIctCd 1t Ir cIch aA\CrsC i iI typC i 28). will'iO. c a t 

IfrgLani/C sh1Iittle C n2, rapid gCnCraiLt) ,dVancc 
ILCIch()(ds, and -rlmph snl ('xchal lc. 

Dt:cp watcr ricC 
()C pri that [hCtCLiCrIi" dt'Cp Wt-el" 1iCC ftcc is thc 
I(watiii -- stpccitiC d.iversiv it nCCdcd traits. Areas that 'acc 
slnIdClI IiSCs il 1(( d\UatCr nCcd snhnICrgenCC-tolCrant 
riccs. Arcas \'ihc rc tll.itdw\atCrs iiSC sl()wl\' ncCd rices tIhat 
Cal Cl6i)1,I[jC thcir tclll,. 28. Within the problem soil researchI Icooperative, India will conduct 

DC)Cpc'dIltg ()nIth]1chwcatlimn, ]III'Ve' 
 cdlSpl'Cad
da,111 prebreeding research for coastal and 
frl'o)n
latC Oct)hCr lit [C\( )int I)CCCm[h[Cl'. A r-Cas va, 1V inland salinity, Thailand and Vietnamin thoilnhCCld -Irh ,. 

Sfor 
ph for 	acid sulfate conditions, Indonesia 

peat soils, and Sri Lanka for Fe 

toxicity. 

Pakistan U ao 
paN1 tButan 

indi a ma 	 iwan 

dlesh 
u 2 

Vietnam Pippines 

Acid- ulfate "Ia-inoursi
 

PeatCP es oils V. illl • # i
 

Iron toxicity 

Coastal and inland salinity 
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selnsi iVC varicties. The rCg 1()1nal prgra in- o deep water rice 
is baasCd in Th1ain,,d, but iiIvOlcs,: llaltati11 aImong 
BaIngladcsh, ]iai , and \iCtnlllll, which have sigifticant 
dCCI \vitCr ,'Cas. 

WiVde \ridbil itlI mustbe.i ilablc i wbrCcdcrs i select 
dccp \Vatr IicCs 1(i specific cn iri inlents. The Inter
natioial Dcep Water Ricc ()scrvational Nursery 
(I1(1)\\V( ),N has made ti matc ria Isavdi alel, but these 
are rarely sni iable fi r iiilc diateIrelease in a specific 
localitV. 

The lilnimiin lact( i s ,sti Iic'ilt inidtal variability. I RRI 
Makes s;lut 60()0 ne dcep w,atl C'ISCS 1 V'ar, ()ften1 
utilizinlg established Variutics ald )utstaLinlg IlRDWON 
Cntrics as parcits. In "Ightly llmrtali ln aycar, S )mC 300 1" 
hybrid p)( pnlati)i1is have eCen p))vidcd ti nti ma I rie 
breeding prograllis. 

SC'vcra.l deCCt \'atCr flccs iintr )duccd by i11njunarsin 
Rcsca rCh InStI IntC Fi ( lARIf' r dOLdops (l [l) thri tigh the 
Il tCl'lllln ice 'cesIingPi( g i \ere glrVi in 1fU1111 I 
field trials in the river backswamps no rth t Banjari asi 
duiinI the (ciber April weasioll, \whenl thc \vatcr gradually 
ri ses, thCn stn ,itS.This additiO1malI dCCp Water rice cllip 
C(lle)mCenlCltSsthe iMi'nIal riceCeI'p, which is tralaSi)lalntCd in 
scquence with rcCCding X ,at r il yi\to Octo iber. 

Earlicr intnlucitions imi the iIsing water ricm had 

dCil)istratCd goi d stirvivibilit\V. 

Hybrid rice 
IRRI and (hina have been wi(wiking collaborativ'cly ft)r 7 
\Cal's oM devC\e ip suitable F hybrids. \Vc supplY parental 
lincs powsscssing sh o)I-t gn wtl du rati( in, g ),d grain quality, 
alld multiple disease and insect rcsistallnc. Now \c are 
cxplolring the po)tcntials and pt)bleulCis o()f using this 
tech~lil(ii gy to inlcrcase rice yields in c ililtIriCs outslidc 
China. A technical Icirativc (in rice is beingcot( h\brid 
co>ordinatcd 1w I-u,,a 1-1vbrid RicC RCscarch CJenlter" and
IRRlI. 

Some 220 delegates and iTsCrS fro")m 17 Coun11tr'ies 
attended thelS ItlntCrnatiinal Symposium oil Hybrid Rice 
at (hangsha, FLunan, China, 6- 10 Oct 1986 (Fig. 29). Nine 
ti-chnical scssioIns c ivcrCd aspects ofI'hvbrid rice production, 
with particular Cmphla)Lsis on hctCrosis, male sterility and 



29. Irtiipnts iinthe 1986 
Inlet
nationat Sympoumn on Hybrid 
Rice visited hybrid rice expurime s atn 
Changsha, Hunan, China. 

Provincial Conbio 
Evaalition Trial 
• (indica)
 

terti it \ tW\t i and hVbiidrcst)rti(ml, I IlttSilIg mclhanSis 
seed prducti t, breCding procccdurCs, disease and insect 
resistance, grat it quality, cuhural management, and ph'
si(hIgie al rId genetIc research. 

Effect of female to male row ratio on outcrossing rate 
and hybrid seed yield 
A coopcrative trial at Stiweon, Korea, studied the efth'ct of 
female to male row ratios on outcrossing rate and sccd yield 
ot two cms 1incs, V20A and Zhcn Shan 97A. Zhcn Shan 
97A flowering synchronized with that ofthc restorer lines 
(Milyang 46R,Milvang 54R, and IR976 1 19- 1R) used In 
the study. V20A floeVCrinIg did tiot synchronize as well with 
restorer lines Milyang 461R and MilyanI, 54R. 

The fcmalc to male row ratios 4:1 and 3:1 gave higlIcr 
outcrossing rates and seed yields. The 6.3 18.5% out
crossing rate on ms line 97A rCsultCd in a hb\'rid sccd yield 
of 29.1-76.1 gim2. V20A showcd an outCrossing rate of 
6.6-3'.6%, yielding 29.7-90.8 g/m 2. 

The hiThest CCd yield (90.8 g1m 2 ) was in 
V20A/ IR9761 R, withi a roI\ rati, of 4:1 (Fig. 30). 

Rice genetics cooperative 
The Rice Genetics Cooperative established during the 
International Genetics Symposium held at IIRRI in 
May 1985 has as its major aim fostering cooperative 
researclh on all aspects of rice genetics. Its secretariat is at 
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30. 01.1Cr ossi ng rat. and seedl yield of 
different femiale to male row rajtios InII RIi~15t~l~t iiid i tvtttc np IC 

Cyt~)IanhjCmal strile lines V20A 
arid Zhen Shanl 97A. SILweon, Korea by 4 sta.1tid tU Ci )t11 flIt tCCS. 
1986 heC )tlltlit'ttcc Oin LW2,C SIllhf iia i )ItI s1tetr 

Set (dt ttt1C I'Mi- s)tt\ iii, /itU tikcrt-i2ctl ,tuIi(] 

IMS C',tLthhlCd t\\()i CCMlCts : at11 IR1 attd It K\ tislu 
L'lI\'CtsIt\, Japiti. IcC itlitlllilttcc (M itl'C Ct~itccrttlti-ILl 

iiha~s It1Ipilcdl a list tfl pi nsil'i D)NA.-\sCctors. Thc Rice 
(GtCiCH'- N\wIL-HCIc- \'(I. ',t J-, jptt Lii sh ~ inII J)cCemherI 
1986. TheC SCC nutd 1IuiC 1Ilathma I RI,,c ( ClictcCsyl' sl ksil) 
\\'III k)e helId at IRRI II IN90l. 

Upstreani-dow~nstrcami network 
RtckcfC11cI 1(111ILltIttII IS lt tdllt anMluttps- reati 
(i~tWtlSt ICat1 rescarc11 it\%t( i-k ti) I)vi i(re the applicationl 
Of' SLICh CIItiiuLi 112 N )CCIMI t h L .\ IeCh IMi1cs atliheras 
CUtIRttII-C, Si )ltdIC CCII CI ItII[IC, M1id tLtCtIMC Cni Ileeri tltg to 

III ()t with 
labo traI-Ito'StIII iiisesTtI dCVelopcdCL flld (ICVC1OIt~itigCoi Iinnies. 

11ICC Ittt efct part iCipti inIitks IRRI 

Integrated pest managemnent 
J1(RI is wi rking with a Od and Ag~icult ut'e ( )rgai iarzton)-
Spmnsmtrd Ititet2rated Pest MNLIa.getniit III Rice projet fo 
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Asia to establish pcst p (pulatin thrcsholds and t) train

cxtcnsion ficld staff iI he nttratcd pest managcmcnt 


)t pcst Control nlcth mds. Each rclii will 

nccd a l(mizcd sWt uI"fII'M practices. With vcri tied IPM 

tech miohoty 601r cach cnvir(lmicit and rcgi() n , f lrmcrs can
 
bc traiicd to apply the tcch n ihiiv t( imaxnmiz prlits and 

stabiliIc yields. 


IgPM) -iACpts 

Pcsticidc.-susccptibility monitoring' 

A pri()icct t()mnitor thc susccptibility of'ricc iiiscct pcsts to 

ditC
frcnt 15ccticidcs invmiCs India, Sri I.anka, Bangladcsh, 
TIlIaLild,, Vi tnm,1. ,lay.sia, InIdo1IIcsi,,, Philippincs, C.:hina( : ILI 
and Taipci, K(mrca, and Japani. Thc 14 naill( al program 
sclCitists h)pc I()standardizc cilh()( (d&idctcrminfin 
suscCptib)ilit vad to ni nitor basclinc stLsccptibilitv tIt 
borcrs, plantl114ippcrs a1nd Icat dcr,, to ci., h lccticidcs, 

Increased insecticide applications do not increase yield 
III IaitlnaLal ncs, tiC irriatcd hmlaitd rice, PiIi ()O% )1 
arca is plantcd toi hi hviclding \arictics, with yieldsICILII ", S W I Vinsecticid(e 
avcrag inug 4 6 t,"ha per crop in the '.vet and dry scasons. 
Cr(ips rccct 'c 5.:-)-0 k,, N Ia and mI(st ta rnc rs usc 

hertabicides p ) c mtveders to lrol weeds. 
To C(omltro l insccts, lnia)re thal )5% )tofthe rice :l"rrs 

spray each croip 2 to 4 times. But yield l)ssCs attributable to 

insect pests wcrc found to be less than 2% in 3 out of"4 
pest resistant varieties harvested (Fitg. 31). 

GLOBAL RESEARCH 
NETWORKS 

ctwoirks ar: a ccntral tact(mr in IRRI and 
rtatioial p,(igrall" co)l labo)ration1 anId illcoopcra
tion anllgttcoInntrcs and national and initCl
national institutions. Wc initiated intlrrnatio)nal 

networks nm)rc than a decade e,1 theL1mto acce'lerate dCvCl
opniclit and diffusi(on (ofrcchntl(hgy. 

In the br(adest sense, nctwrks link individuals and 
institutions with shared purpo)ses and fOCulS. Ou.tlr nctworks 
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31. Yield losses in farmers' fields 

sprayed and not sprayed with 
Farmers were interviewed 

mouth dirin,cm:h the cropping 
eason aholt their isecticide 

application Yield losses weie 
the difference between plots receiving 
insecticide applications and those not 
sprayed. LagUna, Philippines, 1986. 
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THE NETWORKS 
* 	IntcnttionalRcc lesting lira'I 

- a mecdanism 'bithe ceehalqe 
amanqscientists ini 'n',ixvfirt. 

licet
countriesol'clitc rlt'ilTasm, ito 

be evaluated and utilized in their 
Own specific en,ironm.nts. 

* 	 inelratmal Network on Soil 
Frilityand FertilizrEaluation 
f. Rice --a adlabtrati'eeffirt 

aimed at incnasingf10Iiliz4..r Se
,fficinc andat inproina ,, 

iink the intcrnational centers with national program 
scientists and institutions working toward similar goals.
Through participation in networks, national programs
broaden their resource and infirmation bases by sharing 
tcclnol)gy,knowledge, and experience with lt1(and with 
cach other. 

The networks coordinatcd at IRRI link closeIy with 
(otrcentral research thrusts and are al effective nicchanisnl 
for collab rarion in research, training, and information 
transfer anitg scientists all over the Theyoperate 

simi larh':
 
S Exchange intf irmatiom to facilitate the sharing of idcas,


mcth t)l(I0gics, anid research results. 
* 	P)vwidc scientific co)nsultati( m th r )igl regular meetings 

ot the scientists )nn participating c luntrics to planfi' 


rescaich activities and to analyze results. 
maintainintls./irtih'o,
tt fjtt,smil.s 0tUndertake cotllaborativc research, in which participating
thnmflhi ntqrated nmtrent 

'nanaqcmcnt. 


" Asian Rice t.nin Systems 
Network'-- an aptproacl.1hr
identif'int mon"productive ic,'
basedfhr~ninq.sstms, partiularly 

Jir small-scahlfimery in the
 
difi-rent eotuntries o'Asia. 


colltrics j(,intly plan, implement, monitor, and share 
rcsults. They oftenl tI llo a C0)111111011 research timnat to 
simplify data Cewllpari s( )Is. 

0 	Organizc site t()urs ir ictw()irk participants to review 
experiments and varietal pcrfi urmailcc in the fCild. 

International Rice Testing Program 
IRTP links monrc than 300 rice research statimns, institutcs,
and Liniversities in i than 7() Ctoil ntriCs in Asia, Africa, 
I.atin America, and -u r(pc. It is the basis ()f'itcrnatiimal 
c( operllili in rice varietal inipr vcinlcnt. In 1986, 24 t\ pcs
of nutirse.rics wcrc compi,sCd and 1,466 nurscrx' sets \vcrc 
distributcd to 52 co tintlics; 69 pr mlising lines wc'Cr 
identified for adartali ,Ilitvtoi diffClrcnt rice Cll\'irtnlllcllts 
and for t ilcrance fru vari(.s strcsses Fig.32 

Tw(O nm()ili( ring t-()tirs in 1986 f'icisCd (in cold
tolcrallt ricc and varictal resistanccs to disCa.ss and insects; 
33 scientists par-ticipatcd and providcd input 60r fiitiir 
plans l'w\)irk through continuing colllabmrati(M. 

The c ld t lcralcc nl()ililtrinig t( u r \'isited -l garv, 
Nepal, Pakistan, India, and k.-.a.The final w(wkshoip on 
the status of rice impio cmcnt in low tclpcraturc areas was 
hcld in SuWCn, K,irca. 

RicC weather studies \c'Crc colductcd at 22 sites in 
10 cillntries ithin the IRTP nctwork that represent wide 

http:disCa.ss
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Nurseiy Entries 

IRRIGATED
 
IRYN (Very Early) IR50, IR25924 51 -2-3, IR32429 47 3 2 2. UPR I03 80 1 2
 
IRYN (Early) Chianung sun yu 26, KAU 1727. ((662083, IR13240 108 2 2-3,
 

Si pt 692033, IR36
 
IRYN (Medium) BG380 2, BR153 2B 10 1 3, IR21820 154 3 2 2 3, 
 IR28118-138 2-3 

RAINFED LOWLAND
 
IRRSWYN (Early) 
 IR21567 9 2 2 3 1 3, IR21, 178 39-Pi, CR213 1002, IR21188-87 3-3 2-2, 

IR28941 164 1 5, IR4829 89 2 
IRRSWYN (Medium) OR142 99, RP1045 25 2-1. BR51 74 6 J1, RP975 1'.;9 2, BR1 1. 

IR9884 54 3 1E P1 

UPLAND 
IURYN (Early) BG367 4, HPU741, IR10198 66 2, IR19793 25 2 2, IR9729-67 3, IR9761 19-1 
IURYN (Medium) B2997C T 60 3 3, 83623q TI) 49, IR12979-24 1. UPL Ri 7, 83622e TI) 5-4-4, 

IR10781 75 3 2 2 

LOW TEMPERATURE 
IRCTN Oueela Inia, Barkm (K78 13), IR19746-26 2 3, IR9202 6 1-1,Lien chan-Ze Thou 

SALINITY 
IRSATON 
 Pokkah. IR10198-66-2, Rhuurarata-4-10 

DISEASES 
IRBN (8lla-,t) Tep.Humn sen--(]oo, Ta-pe lho i, SR3044-78 3, IRATI 09. IRAT1 3, IRAT34 

IRAT147 
IRBBN (Baclerial
 

IhIql) RP633 76 1, IR54, DV85, IR26717 1 1-2-1 1
 

INSECTS
 
IRBPHN (13town PTB33, Raluiu Heenai, BG367-2, IR13540-56-3-2-1, IR27325 111 2-1.
 

plarilt Iepr) SMina SIviappu
 
IRWBPHN (Wite1
backid phlihoppelr) IR13475 7-32, IR2035 117-3, IR15527-21-2-3, Sufaida 172. W1 240
 

32. Entries performing well in the 
1985 IRTP nurseries.variation in climatic environment but with minimal soil 

problems during a 20-month study in 1985-86; 65 trials 
were completed. Data on daily rainfall, temperature, 
humidity, radiation, and windspccd, as well as detailed 
information on phonological stages, yield, and yield 
components of 10 gcnotypcs of rice, wcrc gatherccd 
(Fig. 33). 

Solar radiation and tcmpcrature are believed to be the 
major cnvironmental factors affecting yields in these trials. 
A predictor model developed from these data is based on 
five weather variables: prcflowcriing day-night tempcratui 
difference, preflowcring daytime temperature, sum of 
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o'.r
 

33. On-site monitoring of weather
 
variables was standardized for the rice t )\\eri g radiati0, 
 sum (t p)stflh)wcIng radia,itn,
weather studies. The equipment at .111itp stt)\r uIRRI was duplicated at all 22 sites to ,alld poo:sf \\'-ril, te pl)Cat t l"t. It ptcdi act tal1nht CIcC

gather standardized data on \iCIdS Withi 10.5 t"111 t(ir MIC t hall hal 'thc trial data used.temperature, rainfall, and globalradiation. Thi-Cribb eanRiCe R esca rrjN t'ork (C AR N"'C(;~ b nll kc ' R ;, Initiacdc {:'mc r iir~
in 18s6, IsS
pcbruar\o
e(mSkIcd
by IRRI IRTP, United 

Nations 1)e\'ch mlct Pr(iuratnc and (JAf(-Canladiall 
Iitcrnati(mal 1)c\'c( Ipillclt Agc. Intcrnatit)al Devel
opment Resca rch (:cntrc (II)R(C. The Sccrctaria dc Estado 
do Agritiltu ra Of the ) iictI' Repbtlhic iS pr widi ng 
h0gtgistical suppI)(rt and facili ics. 

CRRN expects t Cotltritr hItiC Nt the dvC'C()IllClt Of 
rice varieties stitable h w the Ctivi r(itnlmcntal and cc()nonlic 
condititls iII cipcrati tuci iii nttics. Belize, l')tinntcan 
Republic, Haiti, Jamaica, Trinidad and "lo(ago, Guyana,
and Surinanl arc participating inthe rcgi(al pro)gram. 

In 1986, IRIP nurseries fri(il IRRI and CIAT wcrc 
cvaluatcd at CE)IA-Junia aild several lnes werc slCeLtCd 
for the first (obscr\ati mal nIt rse ry. PrdIictnin cl\'li(l
ments wcre defined ( Fig. 34). 
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. . . . . . . . ... .. .. ... . ..... . . 34. Rice production environm ents inEnvironment Countries Caribbean cnuntries 

IRRIGATED
 
Favorable temperature Belize, Cuba, Jamaica,
 
Fertile soils 
 Gyriana, Trinidad, Dominican
 
Problems fungus cisease.s, Republic, Strinani
 
hcja b ansa vector
 

Favor able temperature Belza, Dominican Republic,

Moderately acid soils Trinidad, Surinam
 
Plohlems Fe tox, fungus dis.,
 
hja blanca vector
 

Ulavorablie temiperattire Cuba, Dominican Republic
 
Fertile tiid sOls
 
Problems low tempelatire,
 
f LO LISdisease,
 
loi lanca vector
 
Favorable temperatire- Cuba, Guyana, Jamaica,
 
Neutral 'alkaline soils Haiti, Dominican Republic,
 
Problems salinity, fungus diseases, Trinidad
 
hola blanca vector
 

Favorabli temlperatLr(- Siiririam, J imaica, 
c,rganic sois Dominican Republic
 
Problems ntit rlilonail;, fUnguis diseases.
 
hola blanca vector
 

RAINFED LOWLAND 
Shallow Jamaica, Dominican Republic.

Problems flood1gs, fungus diseases. Trinidad 
 and Tobago
 
Fe toxicity, hola blanca-vector
 

UPLANDModerately favorable Belizc, Guyana, Haiti, 
Problems fungus diseases, Trinidad and Tobago
 
hoja blanca vector,
 
short droughts
 

Acid soils-isavanra) Belize, Guyana

Problems nutritonals, fungus
 
diseases, hola blanca vector
 

Traiditinal Belize, Haii,
Problems blast, brown spot, Dominican h,'Dublic, Trinidad
 
drought stress and Tobago
 

The first advtsorv c()mmittcc fbr CRRN tiet in Nov 
1986 at JluI ma, 1l'ti lican Republic, tt devch )p plans fo," 
rcgi(Inal rice testing arid research. IR'lP-l.atin America has 
its (own advi st )rv C(tnittcc with the program jointly 
coordinatcd by IRRI,/'IA'I- rni CIAT headquarters in 
Call, Col()mbia. 

IIZI'1'-A.IHca \Va initiated in 1985 to increase the fcus 
on rcgion-spccific needs for inlproved varicties for different 



35. Average yield increases in 
irrigated lowland rice with prilled urea 
(PU) and urea supergranules (USG) 
alone and with azolla and straw. First 
international trial on integrated 
inorganic and organic N tertilizer in 
irrigated rice Average of 2 trials, 
Wanti, China, 1984-85. 
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environmncts in Atrica. Th rct.ioai iRTP is administered 
through ColaIi ,Itionwith I ITA, WARI)A, and national 
prograim m(i. that Itii-ic. has its ownc IRT-AfIca 
ad~is,,v ci Ilmittcc. llcadqtiartcrs arc at IITA il,Nigeria 
with j(int Ciordinatiti w the IRRI liaison sciCntist and an 
IITA scicntilst. 

IRII in \cest Africa is ciordinatcd wbWARIDA from 
its hCadqutiatec rs in MlI ( iia, IIbcFia. IRTP ill Fast Africa 
is c IIrdi narcd [w an IRRI scicntist assitgnCd at gor , 
Tlania. lh adviThiI\' C(ml tnittcc 1'0IRTP-Africa met in 
March I 980 at Atosha, Tanana, to dcvch ptplans br1 the 
rice tcstig 1, gral tierl '\in'ca.Pr 

International Net-work on Soil Fertility and Fertilizer 
Evaluation for Rice 
'I'llr incli INSIF , 57 ricC scilntists in 22 c untrics (M 
3 Iltltincntisc IlalIraItc in rcscarch trials,traiing cOiin rses, 

Sitc t(tl's, alld w rkshp. Integratcd ntriclt llallagclllcnt 
is a m1ap)r rcscarchi i(ctls; 12 collahIative trials arc bcing 
C(Iductlcd Ii()\V. 

In iranic N tcrtili/crs applicd amic ()rillcnibilnati M 
with azolla )Ii frcsh straw wcrc cvalnatcd in 22 trials at 9 

Yieldincrease over control (t/ho) 

12 ;. 	 58 kgN/ha
 
87 kgN/ha
 

to,
 
IO
 

08 

06

04 I,
ii," i 3 -.
 

02 j 
BS + ozolla + straw Deep 

placed 
4-azolla + straw 

- PU i - USG -
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lowland sites in China, Bangladesh, India, and the 
Philippines. Yields with azolla plus prillcd urea or urca 
supcrgranulc equaled yields with inorganic sources alone, 
in Wanli, China, they were higher (Fig. 35). 

Trials at 24 irrigatcd sites in 7 countries compared 
dccp-placcd urea supcrgranulcs and broadcast and in
corporatcd sulfutr-coatcd urca with local best split and 
standard best split application of prilled urea. Both sulfur
coated urca broadcast and incorporated and urca sutpcr
granulcs deep-placed were significantly better than prilled 
urea. In an analysis using a multifiertilizcr response model 
and the fertilizer test model, 51% less N \vas -cquired to 
obtain an initial y'ield increase ot'1 t/ha if'N was applied as 
sulftir-coated urea instead of prillcd urca; 48% less N was 
needcd if applied as urea supcrgranulcs (Fig. 36). 

The potential for dcecp-placement tirca supcrgranu les 
is promising. India, Indoncsia, and Thailand arc conducting 
nultilocation farm trials now. 

In rainfrd trials at 31 sites in 9 countries, yield 	 36. Response of irrigated rice to 
sulfur-coated urea (SCU), ureaincreases in rcsponsc to sulfur-coated tca broadcast and supergranules (USG), and prilled ureaincorporated and trca supcrgranulcs deep-placed w%crc (PU). Sixth international trial on N 
efficiency, 1984-85. DP = deepsignificantly higher than to prillcd trca in 33% ofthe trials. placed, BS = best split, B&I = 
broadcast and incorporated. 

Yleld rcrease (/hm) 
2 5
 

SCL (6a,581) > P/i (/ocol h ) 	 USG ([ ) > PU (/oco/ HS)
14tra/s SCU /3/,io/s USG 

20 

AY: 004905 N - PU AT 005468 N 
000026 N2-. 000033N 2 

- PU 

15K
 
AT z002268 N -	 6 2910 ........ .----------- 000003N2 


000011 N' 
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05 

23 47 4 
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37. Response of irrigated rice to N,P, 
and K.Averages of 62 dry season and 
77 wet season trials. International 
long-term fertility trial, 1976-85. 
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An iitial yicd increase of I t/ha required 57% less N 
applied as sulfir-coatCd Urea and 62% less N appliCd as urca 
supcrgranu les. 

Hand-placed urea supergranules gave the highest 
yields in both rainy and dry seas(ms in 15 trials comparing 
hand and machine placement. In the dry season, machine
applied urca supcrgranules resulted in highcr yields than 
machine-applied prillcd urea. Preliminary findings suggest 
that machine application may be inlpr( wed further. 

Combining azolla with inorganic fertilizcr resulted ill 
yields similar to those with inorganic fertilizer alone. 
Incorporating azolla crops before and after transplanting 
can substitute for as much as 60 kg N/ha. 

Continuous trials on the sustai nabilitV Of yield are 
underway on 10 sites in 4 countries. N continues to be the 
limiting nutrient. Avcrage yield increases attributable to N 
are 1.2 t/ha in the wet season and 1.4 t/ha in the dry season. 
InI sites whCre several crops have alrcady been grown, P is 
beginning to influence y'iCld (Fig. 37). 

The 1986 INSFFR training course drew 16 par
ticipants from 8 countries. Training includes theory, 
practice, and ficd trips on aspects of' soil fertility and 
fertilizer management. After the 1986 monitoring tour of 
major rice-growing areas of China, the 20 participants 
planned 1987 network activities. 

ped increCseADv /ho) 
20i
 

15 Dry season " 

F Wet season 

00 

05 

P K NP PK NK NPK 

Treotment 



Asian Rice Farming Systems Network 
lhrough ARFSN, IRRI and nati(,mal programs jointly 

dcvelop tcchlno()l()gy t'()Ir pr )ducti(innonrii CC Cr(ops and foi-
svsrcmsln i vohlgni2, and liv'cst( ck in the 
diffcrcnt Iicc cmvironmcnts. A w(mking group of prOgram 
leaders fr(m each colloatllrin Coiltrv and IRRI scicnists 
nlcCts on1CC a \'Ca i to rCvIC\ protgrams, discuss flaj(ur iSSlCS, 
and plan cfllaboration. 

Current coll abi(rati \Cresearch incl udcs CI)ppi ng 
pattern tCstlii , esting upland Cr( p varieties bcforc and 
after rice, lomgq-tcrn1 Lrt)p[i g pattCril and fert liZCr studics, 
crop-livestock rcsCarch, green1iiaiuiri Ig1,and thC ri0lC of 
W0Ce0 ill 1icC lariing. 

Cr(pping pattrc testilg is d0nuC at 45 sitcs rCp
reSenting irri gatCd., rained lowland, upland, and partially 
irrigatcd rice arcas in 12 Countries: Plhilippincs, China, 
Nepal, Pakistan, lIndoInCsia, Thailand, BangladCsh, 
Madagascar, Sri lanka, Taiwan, Malaysia, and l1,urma. 
Scveral ci(pping pattcrns at each site have bccn identified 
as biolgically and cLnomicall bctter than cxisting 
farmers' cropping pattCrils. 

Eight countries arc inV()lVcd in long-tCrm croppinrig 
pattcrn and fertilizer studies: China, India, Bangladesh, 
Nepal, Thailand, Indonesia, Philippines, and Taiwan. The 
main thrust is to look at crop performance and cfficts oil 
the soil flor 3 years or longer. Crop-livestock research is 
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conducted in collaboration with thc Philippincs, Thailand, 
Indonesia, Nepal, and China. 

The most promising lines from our collaborations on 
varietal inprovnicnt arc multiplied in IRRI and distributed 
to countries collaborating in testing upland crops before 
and after rice (Philippines, Indonesia, Thailand, Sri Lanka, 
Nepal, Burma, China, Madagascar, Pakistan, Vietnam, and 
Bangladesh). The varieties comc from national agricultural 
research systcms and other international agricultural 
research centers, including IITA, AVRDC, ICRISAT, and 
CIMMYT. ARFSN distributed 183 trials of different 
upland crops before rice ai. 1204 trials after rice in the 
1985-86 crop year. The crops arc maize, sorghum, soybean, 
cowpca, peanut, pigeonpca, and mungbean. Collaborators 
identified several varieties as better than the rwo local 
varieties included in each trial. 

Scsbania rostraita,a stem nodulating green manure, can 
provide a high amount of N to the next rice crop. In 1986, 
Thailand, Indonesia, Philippines, Sri Lanka, and 
Bangladesh began cooperative research on the biomass 
production of five S'sbania species in N substitution 
experiments. 

Crop-livestock systems research within ARFSN is in 
collaboration with national programs and releant research 
inlstitutions (IRRI is not mandated to perform livestock 
research). Activities include on-farm crop-livestock trials in 
four key sites in Asia (Philippines, Indonesia, Thailand, 
Nepal) as well as with the Philippine Institute of Animal 
Science. The research is intended to generate technology 
appropriate for sniallholder rice-based farming systems. 

Women in rice farming 
In 1986, we initiated collaboration through AFSN on 
women in rice farming in the Philippines, Indonesia, 
Thailand, Bangladesh, and India. The major thrust is to 
incorporate concerns about women's cnployment and 
income into farming and cropping systems research 
methodologies. Sites involved arc crop-livestock sites in 
Batumarta, Indonesia (upland rice); Pumdi Bhumdi, Nepal 
(rainfed lowland); Ban Phai (rainfed lowland) and Chiang 
Mai, Thailand (rainfed and irrigated lowland); Santa 
Barbara, Philippines, and several cropping systems sites in 



Bangladcsh. India Will tiicti 01n the impc.lt t) hnpr ved 
tchlnologics on women in rice-based t'larmiiig systems and 
the p- )blenis and alrrnativcs w1Imien that ,arecnere.i nih. 
TFhat research will iOv.y 26 researh institutii is. 

GLOBAL RESEARCH 
AND TRAINING 
SERVICES. 

RIU1's historical pr(qpelms hlvc a c(ontcmpralry 
dvnamism. Not ()i li are the scrviccs pr 1\ing in size, 
thCV C C'axlre their capb),llilities to )r,idC theldi 
esi inres nccdcd by the rane re"erch pr()ram s, 

scientitic t)CnsCs, aid cii)llabiwati)ns. 

International Rice Gcrmplasm Ccnte.r (IRGC)
Alhhtiml l IRG diU hot dii)primry I'ld c.lletiiii4 during 
1980. th c(ilhctitin c(mitiiticd t gr. ,i',, ((sIlcctt[irs fi m 
28 c)untrns dcpTisited 4,159 samnpes. ()era ln)ldirJigs
no)w total slightl. mh()i.c 1!1,' .) access iolls. 

I tfldilints a11()I c n(tI adCqtatClv rlcC( the dinailic 
c)()pcrati)l itecratcd Ly the ricc geripiasm ci)llcctiojn. 
Ilkis\yea, 39,1 3( seed amnpies were pn n dcd 1<RRi Wtf 
and trai ilCC, 9,90()0 sed a',,m lsC were sClit rCse'Carchc'rs ill 
nationaI ricc rcsarch pr(qrals and bo(chc n()h , rchsait reli 
i.titituions. In addition, duplicatC W's o)I' tlCir carlier 
dcpsit.',were re medlc thtlie I'lrie rice researcl stati(tisat 
Patna and M\a rtlltelr, Indi,,, as thiir capacitics I()r gerl
plasm llst(rage cxlpaidcd. Other a'cessi( tii5 ()I'intecest iin 
tii()sc l()calitics wClc addcd. 

A major f'()cus in 1986 wason trainiing teclinicians ()r 
natnal pr()grals. Iil the 12-n itlih (;CInetic t i Cs 
C(minscryat i in and Managenicui tra ininigi c(urse, 12 scicn
tists f'rm 8 Asia1ii cUll-ries and 2Aflricn c i()LIt-ieS callC t() 
IRRI for iitcisive traininig in the scieltific trincipics and 
practical skills t geictic c(nscrvatiin Fig. 38).

At lltltI, they planted seeds tiiev had collCctCd in their 
ho1me c (tiliitries and went thru)gh the enti-C L2grmp1lasli 



52 lttt IGHLIGHTS 1986 

38. During the Genetic Resources 
Conservation and Management preCsCrVation process -p rowsnIr ation, ultiplication,
training course, the 12 scien ists from chat'aCteriZaioll, alnd data eIntI-V to sCLd storage, ilitClil
10 countries planted seeds JI~llected in 
their home countries and alic, ald itgelation. 
characterized thom for seed sio,age The trainees carncd th dipcloma Assi ciate ofl'IRRI, the 
records. first iplo0a ifthis kind awarded. The c ilrsc,was i fercd 

iinassiciati()Il w\ith thelnivcrsi rv PhilippinCs at losll'the 
]arios and the Italian Government. 

Seven technicians and fo1 - cliilnecrs fromll China aIso 
received practical training (in gcncbank operations and 
mai1tcnace ()fphysical facilities. The China National 
Crop (enetic lcts,(Lu rcCs Storage (entel- in Bcijiig, 
iaItl L'atld in Oct(iber, has mingrecrin storage capacity flor 
400,00() acccssi (ls (I CI'ps. 

To help thosC Philipp[inC icfarmcrs who would like 
to cIltivarc traditional h wlalld varieties WLitg(\\n i 
I'CClt yCal'S, 20 varieties with major ,appeal because ofthei r 
carting qualitV wCre rejIuVCnateCd t'()i' inCrease.further seed 
Amlhcr 687 traditional varietieslhave been planted fIor seed 
increaso. 'he sced will be transfCrred to Philippine agencies 
l i furthcr Increase and distribution to intrcrestcd fI'rmCts. 

Germplasm improvement 

IRRI Lulitlnics its chse c(illabratiin with natioiial rice 
varietal illpro'CntlC priogl'.1l11S Sinice the mid-1960s, we 
have supilicd sceds of'pare'nl-s, carl' gcncra inl segregating 
ppulat iiins, arid fixCd breediring Ii ies reqTiested b'niational 
pr( i'gaill scientists. These materials are evaluated in
couiittv-', S k ,iearcreleased as varicties for ai'rer cultiva
til(l, thcrs are tilsed as parents iii crssing progralls. 

In 1986, we supplied 40,798 seed samples of IRRI 
breeding lines toInational progilrams, inladdition ro the 

I>D+b~ .1 :' 
" 1.- l- ' -' 
I
'4 "l -7 'i7' ,,L I,+; ft 
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42,673 sccd samples distributed tllrota gh thC IWIT 
nurscries 

This cOIilborati n has rcsulted inI tic i-cleasc 1w 
national prgralis of 155 I1R1RI brcedi ng lincs as varictics. 
Thiisc \arictics arc ;(m icing grown oil vast areas of, 
countrics ot'Asia, A (rica, and ILatin Amcrica (F. 39). 

Shuttle breeding 
Ricc is tgriwn tindcr divcrsc envi\'ronmcllts and subjcctcd to 
Iani'V difflerent strcsscs: drought, excess watc, cold 
tcmlperrta rcs, and soil proiblems. To spccd onur progrcss in 
dcv'hlipint iimprovcd varictics 'ir fhc many strcss situa
tions, carl' gcIlcratii in scgrcgtatin, matcriAls reteSt bc 
CXpoSCd to thC aCtual strcss. Molst oI th( sc st rcsses dol( iot 
occur at IIRRI hcadquartcrs in ILos Bali s. 

Fir mi rc rapid progrcss, wc havc dccli pcd shattlc 
breeding in co llabo rationw\\ith ricc rcscarcl r in lhcalitics 
whcrc thc ldVcrsc strcsscs ,acttall' ocCtar (I 40Fi. 

Parcnls that can cintri btatc the dcsi rcd rcsistancc or 
tolCr-anCc to l Crss (tlStllh 11 inipriivcd varietv ( irbrccdi ng Ii nc fri i Il.(1(and aI ical ly adapted \'ariety' if thc 

collabirating ciuntry\) arc sclcctcd j' inrlv by IRRI ,and 
national scicntists. (Cri sscs a1rc madc and the F:1pri gcnics 

t 'OiVn at IIPRRI. The 1:1pptl)alti ins arc grwn illthe ra rgct 
cnv' innlcnt, where thcy arc cxposcd toithc appropriatc 
stresscs. 

Country ' Name Breeding line 

Brazil Empasc 104 IR841-167-1-2 
Sierra Leone IR4422 IR4422-198-3-6-1 
(Liberia) 
Nigeria IR46 IR2058-78-1-2-3 
(Philippines, 
Indonesia, 
Brazil, 
Ivory Coast, 
Cameroons) 
lndonesia Tajun IR4744-295-2-3 
Indonesia IR48 IR4570-83-3-3 
(Philippines) 
Vietnam NN5B 
India Himalaya 741 IR3941-45-Pl p-28 
India Pant Dhan 6 IR19728-9-3-2 
India PR109 IR28224-66-2 
aCountries named in parentheses had released the variety earlier. 

39. Nine IR breeding lines were 
named and releised as varieties by six 
national programs in 1986. 



40. Shuttling between two locations 
for growing alternate generations of 
rice breeding lines facilitates selection 
for stress tolerance in the target
environment as well as for disease 
and insect resistance and grain 
quality. 
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SHUTTLE BREEDING 
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Seeds of locally adapted plants selected from the F2 
population are returned to IRRI for evaluating F3 progeny 
resistance to diseases and insecrs and for grain quality. 

Selected F4 progeny may again be planted in the target 
cnvironmccnt and the F at IRRI. 

Wc have shuttle breedint, p-ojccts f'or developing
breeding materials with co ld tolerance and with adaptability 
to raitnfed lowland, tidal wctla i.tl, and dccp water 
conditions. 

Screening for adverse soil tolerance 
Dluring 1976-85, 200,00() varieties and lines fiom the 
world co)llcctiom and IRRI's breeding program were 
screened for soil stresses; 5% w'rc idclrificd as tolerant of 
salinity, alkalinity, acid sulfate soil conditions, and peat
soils. Some of these tolcra nt lines, including multiple stress
tolerant IR36, IR42, IR54, and IR9764-45.2, arc being 
used in natioM al breeding prograis. 

Sources of insect resistance 
The inherent plasticity and adaptability of rice insect pests
dictate Centinual screening and breeding for resistance. 
Recently, resistance to the brown planthoppcr in I1136 and 
I1142 was f'und to be eroding in some locations. We 
evaluated more gcrmplasn collections and breeding lines 
for resistance to nine maj ir insect pests and identified a 
number of resistance sources (Fig. 41). 
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Drought resistance 
Drought and blast, major constraints to profitable and 
stable rice production in most dryland areas of the world, 
are location specific. To help national programs accelerate 
the development of improved breeding material adapted to 
local conditions, we are making crosses to meet national 
rice scientists' breeding objectives. Thc national scientists 
define the desired traits, IRRI scientists make the crosses. 
During 1986, 47 crosses to" recombine early maturity, 
drought resistance, and gall midge resistanice were made for 
India. Another 31 crosses were made for Senegal, 24 for 
Zanzibar, 13 for Mexico, and 3 for Thailand. Zanzibar, 
Mexico, and Thailand sent local varieties to IRRI to use as 
parent material in the crosses. Earlier in the year, 15 
backcrosses were made for Thailand and 69 single crosses 
for Mexico. 

Professional advancement programs 
We endeavor to strengthen the scientific manpower 
resources of national organizations through our training 
and professional advancement programs. IRRI's training 
programs arc designed for research workers from field 
technicians to scientists and research managers. 

The Visiting Scientist and Postdoctoral Scientists 
Program brings senior scientists to IRRI for work on 
research pr'oblCms off uLtual interest to their home 

Germplasm 
Insect Tested Resistant 

(nio.) (%) 
Brown planthopper biotype 1 3.351 /3.4
Brown planthopper biotype 2 0 0 
Brown planthopper biotype 3 0 0 
Green leafhopper 3,457 1.1 
Whitebacked planthopper 3,881 2.2 
Striped shem borer 0 0 
Yellow stem borer 2,112 9.2 
C!lapol# ocrocls nodmalis 5,150 5.2 
S. hiformis 392 29.2 
Whorl maggot 1,241 0 
Caseworm 1,590 031 

41, Germplasm and breeding lines 
screened for resistance to insect pests. 
IRRI, 1986. 

Lines
 
Tested Resistant
 

(no.) (%)
 
53,050 77.5 
37,862 57.6 
27,666 70.0 
75,580 46.4 
4,240 6.2 

73 4.1 
1,835 29.2 
6,701 21.5 

0 
128 0 
128 0 
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countries and IRRI, using the modern research facilities of 
the Institute. 

Through the degree program, middlc-level research 
scientists study' toward mastcral and doctoral degrees. 
Coupling the academic programs of leading agricultural 
universities and the research facilities and expertise of the 
Institute, the degree training program offers a wide 
spectrum of specializations beneficial in the agricultural 
development of many coulntries, particularly where facilities 
for graduate education are limited. 

CoLrseS in the rice science and support disciplines also 
are off'terd to support the research activities of IRRI's 
internati()nal research network. Fourteen such Courses \were 
offered in 1986 to train scientists in the concept skills and 
principles of production practices, water and pest manage
ment, farming systems, and genetic conservation, in 
addition to new courses in statistical procedures and 
computer applications and editing and publication. 

During the year, 568 scientists from 42 countries 
participated in our various training programs: 254 in 
rcscarch-oriented programs designed to upgrade the skills 
of middle-level and scnior research scientists, 314 in regular 
and special training courses conducted at IRRI head
quarters and abroad. Of this group, 342 completed their 
training. 

Graduate study collaboration 
To support its degree training programs, the Institute has 
entered into graduate program collaborations with about 
30 agricultural universities all over the world. Seven new 
programs were formalized in 1986. 

University Country 
Zhcjiang Agricultural Univcrsity China 
Clionnan National University Republic of Korea 
Thammasat University Thailand 
Sokoine University of Agriculture Tanzania 
Universidad SUkonoma de Nucva Leon Mexico 
Universidadc de Sio Paulo Brazil 
Louisiana State University United States 
Narendra Dcva Univcrsity India 
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The agreement with Univcrsiti Pertanian Malaysia, 
originally established in 1981, was renewed for another 
5 years. 

This year, a graduitc program on farming sy'stcms was 
initiated by Bangladesh Rdce Research Institute (BRRI), 
IRRI, and Bangladesh Agricultural University (BAU). 
Scholars complete their course requirements at BAU and 
conduct thesis research at BRRI or IRRI, or both. 

As new collaborative projects Cvolvc, the need for 
training on standard research methodology becomes 
apparent. Two scientists werc trained on monitoring and 
diagnosing ricc virus diseases and four on monitoring the 
susceptibility of rice insect pests to insecticides. 

A new coIrse in Training and Technology Transfer 
teaches the concepts and skills used in designinlg, implC
menting, and evaluating training programs. Topics includc 
human resource development, curriculum development, 
managing training programs, educational psychology, 
media adaptation and development, training methodolo
gies, and testing and evaluation, like all IRRI courses, it is 
practical and applied, with at least 50% involving laboratoiy 
exercises and projects. 

Through cooperative projects, wc are offcring courses 
in-country as well as at the Institute. Teams from national 
systems take the Training and Technology Transfer 
course so that they may tailor IRRI courses to meet their 
specific needs. In 1986, teams from Bhu.ran, Burma, 
Indonesia, Philippines, and Sri Lanka developed courses in 
farming systems, rice production, post harvest technology, 
and training of trainers. 

A special course on cowpca and soybean was conducted 
in Thailand Under the auspices of IRRI, IITA, UNDP, 
Khon Kaen University, and the Department of Agriculture 
of Thailand. 

Cooperative publishing 
To enhance current research awareness among national 
scientists, IRRI publishes the InM,7ationalRicc Rt'sarch, 
Nwslettcr (IRRN). Six issties per year plus a subject index 
go to 16,000 rice workers in 152 cointries. The IRRN 
averaged 29 pages per issue in 1980, by 1986, it had 
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increased to 42 pages. National prOgral sciCntis!', sublit 
some 100 rcscarch brick' a month. 

A iiew journal, Rin' abstracts,was initiated in 1986 in 
coo pcrati(m with CAB Internati(mal. The Asian l)cvclop. 
ment Bank SLI ( IS'I 1,000 fr'Ce subscripti(ms to key' Third 
World libraries. 

IRRI's C()publicati( )n pr()gram - j()i nt ventturcs with 
national pr()grams to publish translatis ()f IRRI )())ks 
-- co)ntintcs t() gr(m)w. At least 91 n)n-ELng.1li sh Cditil)ns (Of 
23 IRRI b()()ks have been copublishCd in 36 languages in 
19. Ce)untrics. TIhe m()st p uIllar arC CXtcnsi(n- lcvCl books 
designed to fhcilitatc easy and inexpcnsive e)ptiblicati()n.A 
f prinmer oil ijroliqM rice has bccn published in 30 
languages; Fihdprobhlns(i'tropicalrice has bCCn published in 
20 languages. 

Twt newiV r'le rr", primers - (ml gr )Vi lg S()VCall alld 
c( wpCa on riCCland - are being pibli shed and distributed 
jointly with IITA. Another primer (m growing upland rice 
will be published j(intlyv with IRAT. 

In 1986, IRRI studied the cI'fcctivCnCss of thC Pilipino 
and HiligaV, 01 diti( )s (,t'A./hrmervprin,'renrouizni rice" 
among 84 small-cale ftrmcrs in (avItc and Negros, 
Philippines. ()n'l\ 4% ( f the IhrmCrs had substantial 
knmVledgC (o' ricC-grw(\ving practices bCIC reading the 
b-1(k. After reading, 56% obtaincd high scores. T'hat 
cvaluati n (f the primcr's design and cmntent i. being used 
to tailor threecnew primers and to revise the original. 

Helpfd inscts, spiders, and pathoens - fri'nds of' the 
Jihrmn ; released in late 1986, has 103 color plhtos and 
illustratimis to help fhrmers idcntit\, and pi-otect the 
predators, parasites, and pathogens that live in c\Cnr 
riccficld and that can contr(l I(st rice pests without 
insecticides. In format, it matches Fieldproblemsof'tropical 
r'ce. Translations into Burncsc, Pi lipi no, and Ilokano 
began fi(m advance copies of the pages. Indoncsia has 
ordered 20,000 copies in Bahasa Indonesia to support its 
IPM program. 

In 1986 IRRI distributed almost 200,000 books, in 
English and in Third World languages, plus 121,842 
copies o()ilr pcri(dicals. More than 136 Basic Set - all 
IRRI materials in print - have ben distributed to help 
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national libraries rapidly and inexpensively establish their 
own basic collections of rice literature, 

Much of the results of research carried out in the 
developing countries ncvcr reach the people who can 
benefit from them - other scientists, extension workers, 
and the farmers themselves - for lack of people skilled in 
the techniques of communication. IRRI, with support from 
the IDRC of Canada, has developed an intensive 14-week 
Editing and Publication Training Course which covers the 
essentials of editing and publishing with a mixture of 
analysis and hands-on practice. Three such courses have 
been given to trainees frlom national and regional organiza
tions in 15 countries. 

The program is designed so that teaching material 
modules can be adaptcd, translated into local languages, 
and taught in-country by national agencies. A 3-week 
course has been offered at the Central Research Institute 
for Food Crops (CRIFC) in Bogor, Indonesia. The facultV 
of that course included one graduate of the IRRI course. 
Sixteen trainees from agricultural research institutes across 
Indonesia took part. Two more courses arc planned. 

Computer Center 
Increasing use of computers in national programs, inter
national centers, and advanced research institutes has 
increased demands for counseling and technical support. 
We helped the BRRI set up its own computer center this 
year and are developing computer-based training courses. 

COLLABORATION WITH 
NAI IONAL PROGRAMS 

ur memoranda of agreement with many 
countries of the world not only help us 
identify the research that IRRI can provide as 
the building blocks for national agricultural 

research planning and implementation; they also enable 
national programs to cooperate regionally and globally. 



COLLABORATIVE 
AGREEMENTS 
Nomnalv, the initiation of an IHUU-
national research system collaborative 
prqramn inlt'ohes thtSesteps.
P The sountryconcsned initiates the 

?rqustfi cooperation, based on a 
decision by itspqoi'ement to inocase 
the produr-i'itv o''ts cc-prowiml 
areas. 

* If in IRRIs 'zcw, opportunitis 
rwistJbsnifl i/cant increases in reg
producti'it ' utilizing in-d 
technolofqies and methodoloijies, 
IJUU scientists and national 
pryramsci'ntists tollther xplore 
thcse oppotunities. 

* 	Where substantial assistancetis 
neoded, which could in-lude 
positionin expatatescintistsill 
the collaboratinq confmy, IRRI and 
the conctwed national proijq-an 3eek 
special proyect.titidin/iqfl-on suitable 
donors. 

* 	Once a proilram isairecdupon and 
research is undem'a),, its prlirss is 
pt-iodically receiedand itsIihis 
adapted to encompass achievements, 
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IRRI's rclationships with national pi-ograms pass 
through diftlerent phass, with technical assistance shifting 
to CoI Ipcrativc prIn0grams Co]lab0I ativC research asdll. 

national rst )uIccs gr lV. CITrrCntlV, IRRI has c()IiperativC 
agreements which taken IMgechcr acCo lt 16r- oirc thanl 
8,% Of the wI ld's ricClailds and rice pIoIducti(in.W 

A commoni ildel O' Ilperatit withW a iatililal
 

agriculturalI esear system
C eginvs with IRRI bcing invitCd 
to participate in a cot In i-v p IgramI. Farly pri )ritiCs usual Iv 
involve human111311 t aild participation inrestour'CC dcvco)pllClp 

rescarch nctietorks.
 

As natioal capability increases, participati(o inI
 
nctworks bclc s i( Irc spcializcd and c)ntributorv.
 
SciCntific clah()ra ti nl specific rcscarchr-( ble-s may
 
grow 0) becollc the taj)r ingircdicit (dfa olunllt\'s
 
pl'o 'gram.At the retest advanccd s,tagc, a natimual a WriculI
tural I-esearch s\sCm may ,assume rcgi (mal )rIglobal 

responsihi Ii tics based It, 'gno cc( gialits, cownpa ra ti vc 
11d SCICIt fiC adva IaI .cs. 

()l i c()I )pct-,tix't' Inic C( int rics arelcagiceillClit. With s 

long-standing --- alm t sirc PlR's ilceptilI. ()ther

alcein i-ts ar"cquite recent. All mcn ra lida oIfagrceniclt
 

ie
 
arc i-eVIewdpe IdCl l v and i-ef ned to Ireflet aievements 
ard to inc IO(Iratc i1C\h\ identiLi.KdL needs, capabilities, and 
pri ritics. 

Vc havc space t(cxpand on oinl a f11w Ifl tihI RRI-
ColIIltIV collabo rations that illustrate the ranige. 

China 

iW(ld a erC 11Ila is the 'sIarge st proidu r arid co i- m if ricC, 
Witlh a 1wig lstr-v Of rice citIti vat i itt anid iIce science, 
tech nIh and pr Idicti( pr( veCmcnt.ig, 	 I il 

Chinese scicntst rlifr im ' China cadcniv (Ito (t 
AgricultIu ral ScicsCC AAS l ((liniia NatI( iral Ricc 
RCscar-h InIsti tute ((NlP.tIM), arid provincial agricultural 
acadeiincs have participaited 'i imiIe tliai 6 yvcrs it-iI ITP,l 
INSFFEIR,and ARFSN. Ncarly (0() (iincs sciCntists aind 
administrators hvc becil trained at IRRI, as scholars and iin 
trainiig Couitrses. Scientists frInl n1111V iCiiiiilltlics havc 
participated in jiintlv sp (InsoI rCd traili ng c()Inrscs, svm
po)siullS, CoInfcenccs, aid wvourksh Ips inIChina. Gerillplasm 

exchange continues oin a large scale. 
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Lu Ze Tung, rice breeder. CNRRI. and 
G.S. Khush, examining shuttle 
breeding materials at Hangzhou, 
China. 
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inaugurated during the International Rice Research Con
fcrcncc in September 1987. 

A shuttle breeding project with CNRRI started in 
1983 to collaboratively develop cold tolerant varieties with 
supcri,)rr grain quality and multiple discase and insect 
resistances. Seeds of nine short-duratiom Chinese varieties 
w\crc cro,,scd with four elite IRRI breeding lines. The F1 
seeds ,ot'36cross combinatioms wcre planted at IRRI in Dcc 
1983. 

The [2 seeds werc planted at CNRRI tri in late Apr 
1984 and 1,653 shrt-durati,m plants with blast resistance 
and go(d grain appearance wcrc selected in August. [he 13 
was planted at IRRI in November and field inculatcd with 
bacterial blight and evaluated fior resistance to brown
pl anth )pper. 

From this F3, 2,592 sclccti )s were made in Februarv-
March 1985. The [F4 Was planted in April, halfat Hangzhou 
and half at IRRI.That screening yielded 1,915 selections, 
with the F planted in Novcmbcr 1985 at both Hangzhou 
and IRRI.Uniform rows wcrc bulk harvested in Feb 1986 
and an additional 2,128 individual plant sclcct ions wcrc 
made. The F(, was planted in China in early April, and 
observational yicld trials wcre planted at both (IRRIand 
CNRRI. 

Several promising lines have bncc selected for replica
ted field trials in 1987. 

'a, 
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The National Azolla Rcscarch Center at Fut.hou is 
gradually dcvch )pi ng the capacity for internati(onal rcscarch 
and training in the use of azolla as a N source fi r rice. 
Azolla has bcen cultivated in China for generations. 

The collaborative program of IRI.. and CAAS is 
guided by the Memorandum of LTndcr:;taiding agreed 
upon during the joint annual planning session, when 
administrators and scientists of both institutions review 
prog,'css and formulate the program of work for the next 
N'car. The next planning meeting will bc in Beijing in July 
1987. 

Egypt 
The collaboration has generated important rcscarch direc
tions. With its scarcity of arabIc land, Egypt's agricultural 
research program focuscs on improving productivity and 
cropping intensity. 

Yield Who)
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lll-CCCllllt to CoIllbilIC 114 11 I-CM',IIlICL', II'L ll Vidd 
1)()tClltl.ll, I-CSISt.IIICC to l(Rigillt , ICSISIMICC, .111d Nll()I-t 

duratimi III ncw varicth-, is I mal-m, JMI-t (&'11C 
sc\,Cl-,Il Illics C()II)bIIIIIlL cic."ll-cd at rml()IIIIC lilld (]Lllllt\, 
featill-Cswitil dI\CI*lC ',()LII'L*C,()I'tll"(..,I"(-- rc 'I"Iallcc 11,1\c I)CCI'l 
iclo:ntIfICCi. 
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IR IIldICIS 1MVC S1101-1 C11.11-MM11 and "()()kl 1-(:"I"tlllcc to b1list, 
tllc\, '11-c hcc()lllilli 111(ll'C LoIlllll()Il. 

ICA I'CSClFCll AM) '*IltCIlSlhCd, With Ill )111SIS 
Oll Identit'vill" 111d LI*\Cl",(, "M11,CCS ()I* I'Cl-Ist'llicc, 
SCITCIIIIIL bI-CCdIllL 1111CS, ILiCIIIII'Vill" bLI"t 1-,ICCN, 111d 
Ilicaslif-Ing-thc 1),11"M11CICI", H1,11 f'IVM' dlllc lllc 
clo'ckyllicil". 

Tlic Ricc Rcwarch ( 'ciltcr m Saklm P"HIMILIC ill tlIC 
M ILI Li I C F..ist,'N()rt I i Afi-Ica arca. R I cc Iskc Ing rcscarc Iicd as 
1)()tll 111'()()(] CI-()j) Alld I j)I-()blC111 SoIlS I-CCL1111,1tWil CI'()p. 

1111 111C t '111 R)VCP'l 
Mld flic Acadciliv ()t' SCIC111111C RCSCII-Cll 1'()I
gl',ILJLIItC 'ALRIV 

Indoncsia 
IRRI-111dolICS1,1 Co()I)Cl',Itl*\'C I-CSC,11-Cll IMS C\'()I\'CLI 1'111() I'l-LIC 

U11dCl- thC IllCIIl( Ill (&MILICI-Standing, 
1) 1' 1 1' 1 t V I ', t IVC 11 t () LC11C I I C CVI 111 1t IO'll 111 Cl 
lltlll/,.Itl()Il IIId I-C,()LII-CC CXCillllt C,LIJ)hIld I-ICC CLlltl\',Itl()Il, 
I-ICC-1),ISCLI flit'llillit "vStCIIl"' \\atcr 111,111ago:111clit, 1"ll-Ill 
IMIC11111CI-v cluckyllicilt, Incl-Ca"'Ill" the tCCllIl()l()g\ b"SeZ-
till-MI911 LI%ICIIIMC SILILJICS, 
to and \m rk.s11()p';, IIICl CXCIWM C ()I' 
tM illical aild publicat-Wils. 

lild(HICSM ll()StCLI thC 1985 Upland Rico: Rcscarch 
Conferencc, which lias lcd to I'Lirther collal)(wat-Mil Ili w(wk 
Oll hLlSt ClISCISC 111d (& ICI(j Ljj)] Jllkj Solk 

'I'lic JI\-C 111,11(w I-ICC cll\,11-()Illllcllts arc a;l fo)1II1Cl Ill 
fild(mcsill. 

Ill II-I-IgltCCi IlCC, 1)1-()LiLICtl\*'t.\* 'ISVCIA IlIgh bUt dlsctlscs 
,lIlCl IIlsCCts arc a cmlstallt I-111-Cat t \-ICld 
Exchanging II11j)I-()VCCl Ill"ItCl-1,11S With 111LIltll)IC I-CSIst1IICC 

http:1)()tClltl.ll
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905 1915 1925 1935 1945 1955 

C( )HILCS,'11biCcofinClte lifc',11- bcllt CdIRR 

Ill raitiled lIMwlard rice, tlhrcc 'cIv shNt0d11 ra ti 
bliccdiI I "i I 1RRI Itlied IiltI'r )i111 rim. ,ell I lmb( k 
Isl Id arId arc hc'iI t, cIII ,icrcdL1(" aret a! rclA.sc. SCVCr,Il 
ItI(r ilIprCxCd Ir et,lirIi.r gxvth.ecdiII lIe', Mit h c\,,_I 


r ii i,lat tII cllt ltcd.
i be evalu

Ill t*,Llldt r-ice, C\C,l'h.ugu ()f*,I,(.',t c'd 1,+.rMJla,,mI wll be 

cxpatdcd x\\ih lMcdi 111 aI.idill prux,.d hlies r utplanld. 
It,.hmlICsiati tpland rice varitic, tn )I Ihe B(:< r cgcrrtpl+i.tiS 
Ci uc.'ti)I in ll bIhe cx al t,tc ill the Philippines t Itpiati m 
to Ix Il 1, pland s-oils, ar1d allied stre1se' tI id it v 
parentliulo 1 ,llao. rice lIiL.Cdirg ptr raiiis. 

In decp vatri ric, Irodo mcsiaii scicstts idetiftied 
three ptiktnisil hrceedinig lhues lititrlIdCCId thriuhMi IRIP 
nr<i,-cI-ics th,lt arc adapted to depj \icr icas (td ,()itl 
Kahlimanitan. lFvCn better itrial, have hCeil 4etcratcd 

,trioiilt n 5' kxith thcse sClCCth ilS. 

In tidal VWCtLaid,, IRRI has greaitl Cxpindcd ice 
illil vCltllict ' 't'( rts hor dtvc'hpi ric itloprlnIcd g: nipllaSil 
adapted to ) suIhbiicirtcncc, satititV. aId pcat with acid stilt'r 
Cotditi(M, i ltIanuhiiipiC stiCss dClitt()llllCilt. 1"2 sCCds (Ota 

notlh1r i)tcTriusO' iill be plaintcd at Unit 'Tatas Experiments 

1965 1975 

Historicalrice yield trenids 

1985 
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Sttatio ill etthlii n. The FI-, ()I SCICCtCd 1piaiitS withimu Kaliata 

iiF:vp l\'\'1'A1 ICE. Ll2eVThIII I'dtien scts w he'1dpttfiI anldil t tlerance i 

\TARIF I'I1ES RItFA+EASFI N Lit% at Ilnd I'm 2i ndi
t\f 11((1 valated tr quaility lscds'' 
~SOUIII KA 1,1 \IA N'I'N adI illSk- Si St .1UCI. i(t' the F,- back toI UnitSICE [he shIIt t 

Taptis (IR36','Irbe'/ 'EuItaS 1,11(AI IdI cad illt tic (ItlickIy to i III[-( t\CtJ Illdtri I s br01 
MNa/ma lif ttwas i/i yeipede thL'SC *11iVCISL CondlLiItilnS. 

i'(t//il~~ittl'titjl'i'Initt iR'1 ti, 1h rid ri cc, [it.\\ ( Ni S line,.1and 1: IiVbrlidS ill11'1iiirieln Rice Rietlel) Ins~titute ill I !.RR CUI C'tdbidLICI to II lti Iv IlV Ill'W pr Itt i q12 lEL i s 
t05 cmIinsha/Iee' water), lea/i- (IlilIlCWL ( IS linIle" aic JdI~d b~ut 1Sll'JtItil ic lt di ScaSCS 

I /htttii~ei lir is Iilhctulet'iodt sell. itirr ad illsCti I R RI ( NI .liI'IL IldeIdw aim' tuitbut poott
eehiet aebi/irv it) e'ltitijle' in 2 ini Seek]~ Set ill SC'LLI 1P11)LIUCt it tl litt IRlRI \\il itriiii iIn (mial dl 

Si~~e Irliiia 
n Ic/,i e/ elint etIll ilt C 12 I d I C, 1,1a o-n it 

biqh ra.lii ~ /i ~1 t )Lle~ t~ tt \'!rtiA LIi't L til 
muiet lt t he Agecy\ t( tb/ac, ro~ili/ !o brown phinlthopepet lr ldld2Iil'l
 

biiitlpec 1, 2, aend.,, tend m.tat/eeie ApzniI ituri t'di r('IIich11an )CI'\'tt)p111c1 ill c~l'O['he tiiei
 

IWIeloilsiste'le:1 an h'lih Y I 'dci 1ill 12()iC\ ' Ii\ WItk ICcl ,a ll I/ H I i llI')I 5' i.CLS 

jecli/l i t titl litl ri. It I It gill1 -,-c() "tIIc ak c 

i rtli f)C~ gii IAl ll I elecl 1 *. I Ilic1211112tcu~l IIdIc IIlic 111 
I'tettlic t tel t it At (A21 CI'lI a ii' . titti It it n 'diI t t 111 t '1 IEi II ill Ii1 Ile I )I m.112'G e era 

Ic~ijht (rite 1) alit i bitti 
pu/entholpcerbitetpex I taid .3, alit 

lin pcutvtt'.Icilit ts 171dcr ~ C(if)X I ,t 1dCClLN Wa ()1\ 1t l hcll ( )11 l I(H iIe 

gI co 1 8 siic ) tl /I ) iii5 c/tI/ ill te '1t 11i t 

I 1, 7?.) w (I11iIldi ibll i I~ l. Ili C li' I)'(L 'llI ltcIIt L M leSlgps r) /opd n \\ 'h0I R i i 

It i. tall135ill.shalo l~ oI. Iln tcr.epace 118- Inrr L'p it h )ii li'lo' 51'qI i'L5 I t ll' ill.Citi
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HIstorical rice yield trends 

cut pl()vmen t opp(ortn fnit ics fI- Filpi no rice tarmcrs aid 
their 11nitlics. 

An ipo)rtant cichanisinl fi1 exchaning inl'(WIrniatiom 
and dcvCh )pikw c()llabN,-,tive w(uk plans with liliTPinc 
rice \V()rkcrs is the bliannmal Tchrol()gy Transfer \V(wlk. 
shoips. The 8tl MAF IRRI T'ch irlohgv Trnrtelr \V )rksll(p 
at IRRI 1I 14 InIC 1986 I')cusiCd ()terchnI()hgies that canidtii n c..ost: hiwering (rohc p',r \vithi t I yiChld,. i)l

latb(rattOh 'llintCrLatCd nutrient lll,t ll uClalld intctlCn 
rated pest c,.Iltrol \werc initiatcd. 

The 9th ,\AF IIR RI Tcchino h(,, 'transfcr \V(wksh( p 
in Novcmbcr was held in l(ihil, an upland lirmitng 
province in the Central \'isayas. At this workshop, 117 
participants in lur Philippinte agencies reviC\\'edIRRI and 
the devchlpmcnt ()If LT plandupland rice [lrrni ng system. 
rice l'arnICrs bCc(omC c(ullelcrciallv ()ricntC.d when inputs, 
credit, and pr()ducc markets are avaihllc. Il the tin rc 
rcmoit e slash and bitrn areas,o pp(irttnities tow selling extra 
pr()dCC arC few. \V()rks1()p participants agreed that such 
local variati(ons in otpland rice lartninz s\'stcms shn on Id be 
considered in dveloping pro grams four their iipro u.ement. 



42. Yield losses caused by insect 
pests in irrigpated, iunfd tvVIind arid 
upland rice are;S In th PrhilutuIuMs 
Losses were ciil(iLtijlhj is the 

difference betweiin uusic:lldt 
protected p)lot5 ar id ti-prul ctu( plots 
in farniers fieldsin tnner wrefuilulsNunNtnihf'it.t i-t tihe 

average; yields (,ii t li) fromn pr[tected 

43. The upland-acid soils MAF-IRRI 
cropping systems research site in 
Mindanao is illustrative of how 
papulation pressures are converting 
tropical forest ecosystems to cropland, 
and the implications of that change to 
farmer fertility management practices 
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Yield ioss lo) 
50. 

" Irrigated 24
40 - - ;nfI.; 5, 1 2 
40Rainfed:i U on lowland 

LoueIZoraoza~ I Z~ ClavernIa1d Pangasinan 
Botangas Soqth Selana Gadu GuimboCota3o 

Site 

L:..i\' inl I U)8. SW C()Lt..'d tiitc thHn 75 tii(jwsl 
ttiiii.rss.t\ in ,uiiilititiiti) it , it h ,.cictit, IIn . Icas.t 

)Tihi/l.,Kt., Ia /iL,. "Icit vScarsi ,i iart,'t ict t,. raI~s i 
ciiillt'i lit ii+iii5th t tciil'iittc i ,kii,.tru iii' \crict I\ rc 
SIhS,. hijuh .,tri.,iilitv itt v1111 hi'i'5,.5 t 4-O)I itn irtitt . 
h iS:dt.t5,. I ().gU", iiita~intc'd l',l. tt.i,l1ir(utl,tlt,,t Inc. 
tim, .u hiii:,in,! ricc Siclis htd thcih,'vcst hi,,.,s.c,;it itlhhhigli 
iic:.,tiir,., w.ithI thc hithbcs. apil.tri. ri1.c vMils htd thc: higtiicst 
i](.5s. lR.iiitciL' ivissiati iiilus,t I( 24n I [ic. 4121! 

tnuiberts, iic.ain tha t hiti'r sttt tcratl.i lah i, its ,litccttib, 
ild itnfltce t. ips' aitlits thi tii 'rttc itnsct 1.iatLa. 

ilhoitar:t iut 55ith titc 'llI .I \\c.i S~icnCtc sc titl. rifli .IIcs's 
mI ,(,,.tcttCrguctt.. itcrl[itcidcs., sh ru\v,..'ti tiiscIi )iit i.ft ri uliiitt 

vscc.'is iln tl',ltrii ti,.. Flitt.ifl, ~tts.i..2 ratss, kiiicr 

an.. .app!icat hit) 
ti rN2n , it c tt i ()I such succi.is s t bae luh,di u,hi),'L, 
ul pia tld ri,.c; a)t ti i c(m tuiicii ratcs ard 

.Srdil f t/iilt' t/ifllflqiliCnt in (l.t/nii. A\t t hc upland-acid 
s()ii sNMA 12- P.RI cr( ippinrg svstctn' ,.sit c in ,I ir ,.l, nan,
ktn,s,,vh.dl,. abt rut tarntcr ltcrt iitv nattaccnt p'r.acricCs 

http:s,,vh.dl
http:succi.is
http:iS:dt.t5


andt percetions is applicd to cesigning 1ld teSrlltt 
cropping patterns. WC si'e\'CdI f i'lCiS Mil their pCrcCp-
tli(Ins aboit soils and sid Cl)Si()Il, te'Crtlite'lrs, \\CCds, alrnd 
fallovs (Fig. 43). \Vc also askcd abotit ivigrati( iii ind 
sCetlCmClt, 11and r'tSOLnl'eeS allid acc.ss, Cl-()iS allt C pi'rllMing, 
alld ViCld CllallgCs v'r tilc. 

ITro)ugh (ut the uplalndts, as p iiullatioMIs have: in
C'CaSCd agriCetlr-CrehS CV()IvCd lshitint enltivati() n, 
with t llow ised I'M nutriet rctnerati( il, to pC 'lnlalianlt 
cccal cr(o)ping (Fig. 44). ,lost (lavcria tarmelCr'S arC 
smallholdin tellallt: o1 ()\orVlwls wh( Illanagc sCCral cr-(ops.
 
raditio al ii' ZC is .1l l ,1st I i ,ita'it, ,)lhIjt iwvdh\
 

tradIilt(ional r-ice an1d CaSSI.Va. Better- IalIds areC al 1 ated to
 
maiZe, pwrllr S)ils t(, ricC (r caSSa\'a. RicC is a desir-ablC 
CRT, bot its lonLel c-oppilg C,ISIl in i Its t laor 
demand contri-bute to a pei-Crence f'or nialze. 

44. Claveria farmers say sustainable 
yields are a great concern, as maizeand rice yields are declining because 
of poor soils, nutrient depletion, and 

erosion. 

..... . 

http:CaSSI.Va


70 IRKI HIGHIGIHTS 1986 

Sustainabilitv is very much a Clavcria fhrmcr prOblCm.Almost all of'them attribute declining maize and rice yields 

to poor soils, nutrient dcplCtu)n, and soil Crosion. 
Although km wlCdgC of iiutrient cycling mcth()ids, 

such as cOmposti ng, mulching, grecn mnturing, and 
incorporating Cr ip residues, is limi ited and variable, it is 
increasing. A f'tcw tarmers practice c Imit isti ng, and mt Irc
inow incorporate er, p residues. 

us/icicuv 1mulIVnt'r u.c distribu tio,. Watcr mianagement 
researcl e(llab( rtit( in IS with the Phi lippi ne Nati)mal 
Irrigatimi Admini strati(m (NIA). 'VC aic studying the 
Inarihan River lrri gatinm Systcm (IRIS) in Camlarines Su r
Pn iinee. 

I RIS has apotential service area of about 1,100 fa(Jrm 
fami lics and about 1 400 ha; about 30-40% of the area is 
affectcd by saline water intru si IfIIml the sea. Suppl\'ing 
su FficiCnt go()d eIualit\' irri gatmin water to leach the salts is 
Cxtremely iIIportant t*)r rice pi idtict in. The service area is 
divided intoi 1)ivisitlui A, with 647,ha, and l)ivi i(in 1,, with 
743 ha of ricclailds (Fig. 45). 

Our primary research objccti\cs are to assess the 
potential ti r imprivng water use efficiency and xxatcr 
allocation-distributim cin1ui tv, to dCveCIl Ip a practical 
allocation-distribtimtin systcni, t( cvaiuatC its impact on rice 
production and farmCr income, and to analyzc the cffect o)f 
irrigation water (n salt-affcted land productivity. 

45. The Inarihan River Irrigation 
System in Carnarines Sur, Philippines, 
has areas that are affected by saline 
water. This schematic shows the iM G u EL a 
service area. 

Head gate
of main 
canal 

-DivisionB--S 

I 
lie fDivisitAa 

:S((ine water affected areas 
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Thc arca near the water sotln CC h- 11()tlt 47% (o"the 
sCvicc arca -- C(nsumcd 7076% (tI th tt t-alirrigiati(mtn-
.SLppl\.Tlh(tSC fa rmcrs nscd n (ir-c N, P. and Kt1crlm Iirtan 
farmcrs wl,sc fains snUICrcd watcr sh )tagcs, particularly 
Jur i. the dry s\as' VatIns with ittsa inc soilIs ncar thCi11. 
watCr sonurcc had thIC highcst Viclds; farm, with salin s11Sti IS 
talcr tr( l thc watcr S(1)11rcc had tile ](iwst (Fig. 46). 

Sinvition niud fiw) multipun/, irriqltid)! SYvtc~hs. IIn 
Co)l lh( irati )ni with N IA, WC doc\ cp a nchd) tot t
iprt 1W the ,pcrtati,,tial et'lici ec ttcv(" the 1l1 ima nan, 

CatIsa(M) ilnp Irrigati(ln Sstcnl I.(PIS). I.(TPIS has 
four clcctricalh' drivcn tn rbinc pumps t( iscrvicc a ncc 
pr)dticti( rIl area (al)t1iI t 3,90() ha. WC Lsed data fr1mi the 

(IPIS study LiChch )p a IllilT()1()lllptl[Cl" ba d Si mulati n-model)(PV1PII()I) for~ alalv/ing system Ihchavior tllnderN cI 1)Ia IniaI%it11tp vteCr1h % t tn1111 LICI dPUI -a sI t() 1' I-

C()tIt tia IIy cha LiIlt \%awar dc ,lds 'it. 47 Thc tlit)dcItyieds
JC~ttllt ,J'(l" <:nstain,,X'r;[i)na LICI s asp(,~crs~qpl T 

ratttijiu. and canal capacit'; lintatitts, as well as s(ci( 

COiWIi)IiiC constraints itt land pIcItilJti l tate. 

PUM'\ ()l) is adaplia.c to (ithcr ptitnp irrigatim
 
x'stctns. It closelY appri iilmatcd actial hidr( li gical and
 

agott)illlic claltCS iII I'CspnIsC t() a col()sC S\stCtln 

(,Icrati mal pr)(ccdu re. 
Ap/qnv'i"mtc,'c/nizatio. IR P IRIhas cod LIaN rated with 

the Philippine \rAF to Illannttit llC (d"A Cl'()tlnrlC Ih)cal 

Area (ha) 

40()0 


CAP - cumulative area pinnted

AUMNP-ure, under normal irtigation practice
 

or crop maintenance

3000 CAH- cumulaltive area hai vested
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46. Average wet and dry season
 
in saline and nonsaline soils
irrqafted by IRIS, 1984-86 

47. Actual and PUMPMOD-predicled 
changes in farming activities for 
Libinanan-Cabusad Pump Irrigation 
system, Plippines, dryseason 1985. 

1 
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appropriate farm machines. Two) irrigatpo pumps dcvel
oped tr small farmcrs reccived major attentiom. The tapak
tapak puminp, adapted from a simple Bangladcsh barn boo 
pump, can bc manually opcratcd to pump watcr from 
shallw wells. Ihis pump was acccptablc to small farmers in 
norrhwcstcrn lIZAiOf 6or irrigating eCgetables, lcgumes,
tobacco, and thcr crops grown attcr ricc. ThC puni p can bc 
fabricatcd by small rural shops (1ig.48). 

The p-( gram also Ihelped pptIlaizc the ,pa pump, 
which is bascd m thc principle (iftlhc axial-fl,,- pro)plIcr
pufi~ps p(pilarly used in Victnam anrd Thailand. The sipa 
pump is adaptCd to Philippinc conditi ns m the basis of 
fccdback I'lini farmcrs. In collaborati m with small manu
factu rCrs, it is iio iw mnu actu rCd by wcr 20 small mctal
working shops. 

A rwtarv conductiml dryer that utilizes a rice huLI 
gasificr as a heat source was also introduccd. The gasificr, a 

48. Demonstration of tapak-tapak 
pump inLa Union, Philippines. 

-~ ''4 .i" "Fi,
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simplified version ,ofChinese design, was adapted b1the 
Universit' of California, Davis, aid deveIiped ili thc 
lhilippincs inlc ,dlaboationwith a ct mivcrCiaI rice i I. and 
a local mianufacturer. In an hlu, it can dry blnt I t ,C 
frCshh' harvesteI grain to 16 18% iOi.stuic, a level saIL 
c,IIgh ir tcmpI)rar sti wage beC1C srIndryI NgIt 14". Itis suitable hw areas where riee is harvested diiring the wet 

season, when sIIndrvin1g is dillilIlt. 
In areas where direct seeding is gaining po ularity, 

farm.rs arc shOwi ng high itcrcst in the IRRI dru seeder. 
With this I -e st iiichinc prcgcrninated scCd can bc 
planted in I \Vs which cai bC cc1i)iI micalIh \\cCdcd \vith 
push type mechancal Ieed erS * s vi s ve r C s)StIy 
Icr1Cies. 

WC CorI CpraCd wIith IIIe AgricI tn Ira ,iaCCneel i/alihm 
)evlchopnicnt Irogram ( AMDP )IAI t ., NIAF,ad the 

provincial govcrnmCnt of( \liiidor t, iIIIdtiucc this 
maclIinc toif rers. A 2 \\cck trainirgi rnC'rs and IMniaiiifieCtu 
prgram was rgaiIIIzcd Ii' ()1nanulihcturcrs in nmjal, 
Orietal lind o, after m y falllCl Sexpressed adcSirc to 
purchase the sCCdCs dui ring the series (t'du'cMstrat i is 
conducted by MAF aid AMI)P. l.aiCAI pri dlieti i has 
started. 

India 
'Fhc filrst mcn(irandunIi ofagrmCCnnt between the Indian 

SLnnCil Of'Agricultural Rescarch I( ;AR) and IRRI was 
signed ii 1974, altluirgh CrI lpcrati( in started SoiICe 1 0 
'ea rs earlier. Scientific and technieal Coicrati Ii ficusCldctI n 

first on eicllting and cxchanging rec germ plasl, ex
ehangirg and c\aILuati rig brccding matcrils, stLidviing 
disCa,,CS and in sect bIt Vpcs, aid coinduiCtin g Crp pi iduc
tiiin research. 

By 1986, col labI Iativc cf'lnIts inlCidcd rai nt'fid rice 
research, hybrid rie rcscarch, botanicals ti)i managing 
insect pests ill rice-based Croppirig systclms, the ci rin(iles 
of' Water manlagCnllt, riCC p[r(dtletit)il et)IlSt-iIIltS, ari1d 
manutaetu re ii"IRR-dCsignCd small arlm lChi nCr\. The 
collabor)ations bct\ccn IRRi sCientists arid Indian scientists 
irn22 agricultural univcrsitics, 50 ccntral research institutes, 
and 90 All-India Coordinated Research prI jeets in the 
countt3"s diffe:rent agroclimatiC Z(rues continue to evolve. 

Thi warehouse dryer was introduced 

to a farmers' cooperat Ive in Baingay 

Mohcay,Ozams City, for hld testing. 
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Historicalrice yieldtrends 
During 1986, 64 scientists from agricultural universi

ties and national research organizations participated in 
training and professional advancement programs and 
workshops at IRRI. We also entered into a formal 
agreement with the Indian Agricultural Research Institute 
and Andhra Pradesh Agricultural University for graduate 
training of agricultural scientists. 

A special rice production program was designed for 
senior extension officers of several states. Participants in 
training and technology transfer short courses have helped 
improve the professional capabilities of their home institu
tions. Now, the Indian national svstcn is developing the 
capability to offer these slrt courses in the agro-ccological 
regions with rice cropping and rice-based farming systems. 
One of the in-countr, programs will bc an editing and 
publications training course to strengthen national com
munication capabilities in disseminating information and 
communicating new technology in rice production. 

Special collaborative research and training programs 
have been organized in integrated pest management for 
deep water rice farming systems and in developing 
improved varieties for ecologically handicapped areas. 
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Recently, the International Fund for Agricultural Develop
ment approved funding for an IRRI-ICAR collaborative 
research program for the development of rainfed rice 
production in eastern India. Resolving the complex 
problems which cause the very low rice yields in that area is 
a major challenge to rice scientists. 

Major components of the project arc rice environ
mental analysis, varietal improvement, rainfed rice crop 
management, development of more productive rainfed 
cropping patterns, and postharvest technology. Research 
and training are integrated throughout. 

In 1987, pests and diseases will be surveyed in an 
integrated pest management in deep water rice supported 
by the Asian Development Bank, farmer agronomic 
practices will be documented, and the deep water rice areas 
in five states in eastern India mapped. 

A 1-week training course in August coordinated a 
standard methodology for a network linking Assam 
Agricultural University, Rlajendra Agricultural University 
in Bihar, Orissa University of Agriculture and Technology, 
Narendra Deva University of Agriculture and Technology 
in Uttar Pradesh, and the West Bengal I)epartment of 
Agriculture. The project is also collaborating with the 
Ramakrishna Missions at Narendrapur and Nimpith. In 
1987, this Indian network will be linked wvith IRRI 
cooperators in other Asian countries where deep water rice 
is researched. 

Bangladesh 
When the BRRI was established in 1973, IRRI was 
represented on its Board of Governors. The current 6-year 
memorandum of understanding was iatified December 
1985, with the goals of increased productivity, expanded 
attention to rice-based farming systems, and increascd local 
manufacture of small-scale agricultural machinery. Two 
IRRI outreach scientists arc an integral part of BRRI's 
program. 

One component of our Bangladesh collaboration is 
water management research with the BRRI and the 
Bangladesh Water Development Board. 

The aim is to increase the effectiveness of irrigation 
water use, crop production, and farmer income in two types 

DIESEL POWERED 
PT5 TILLER. 
Most Indianfarmerspreferdiesel 
etines because of the lower cost of 
dieselfiel, even ttuSgh the initial 
iniesment is much igher thanfira 
qasoline engie. But diesel engineiwht and i4brationrestrict their use 
on ilitwight nob'lefarn machines. 
The CIAF-IRI IndustrialExtension 
Projecthelped a manufacturerin 
Coimbatoreadaptthe IRRI PT5. 

power tiller with 1.0 m raperfor
powering ith a locally manufactured
6HP air-cooledLombardinidiesel 
,n.ink-. This et ine weighs only 35 k, 
about halfthe weiht ofsimilar 
capacity water-cooleddiesel engines. 
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implenc t the 6 Cfa\ r1(tati,i()l warer dclivcr Systcm that 
tfarmiers find 1u"C1,1'uand acceptatle. 
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tubowell systenl , amaa riIc and rabi what pr)tductil(m wCre 
increaSedI by r the ,liabil,(.)fsstmatiea li ,pr ,ingr tv 
ripti(m atc r su pplV, inurn )ducirig Isu tablc Im )dcrn 

varieties, and providing sipport to fhrlvie.r mrganizat-ilns. 

Moidernl variety .Set_ in the 1985 anan scasiln was 52% in1 
tubewell alreas ititside the sample and 72% vihln the 
sanipe area (F:ig. 49). 

Ini cxpcriennts in 1983 and 1984, grwing glCell
m1anurel' crolps ulsing ri'waierJ~l duiring< the norml.\allfhillo 

auS SaSill, a1( tit 1.() t.'ha li inta*ighcr rice yields wercI nCd 
in the ammi scas( ,ith abmitiivn 50% less N use. 

Ill198<6, t'IAmcrs1 (11,0V I11ll r' , ()i't/lllllCl'trt'll ilil'CC

In 

than 80()0 ha wit-h in thc tubc lIi rri gatimn svstCii el IIIinand, 
ei Cl(Ip had bCn grownll\\Awhere 11() ICC 111g11,1inC bct'lb'c. 

Madagascar 
Durillg rhc 2-1/2 years ofthe Madagascar-IRRI collabona
tton, aMalagay\' rice research t-Cal c impo)scd (f'scicntists, 
agricultural technicians, and admi[nistrato is fim01 seve.ral 
dcpartments of the National Cetil- for'()Applied Rescarch
 
on Rural Developmcnt (1:()21 FA )\[Aas f0brme1d. 

In addition to IRRI's icsident team lcadcr/agronni.st 
and plant breedcr, a nuLber oif IRRI consthanIt's worked 
with Malagasy scientists this year on research station 
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49. Aman rice area and modern 
varieiy adoption in the North 
Bangladesh iubewell irrigation systern 
service area, 1981 -86. 
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development and management, soil fcrtilitv and adverse soil 
problems, agriculturl1 machincrv', aigyo-ccononlic research, 
and rice environment mapping. 

Training is an Impo~( rtant c(~oponent of' thc project, 
with I I Mvalagasy scientists so talr qraduartCd from11 IRRI 
training c01.rSCS an1d SCVCIalI m(lI_rcSChedled11 to participate 
il the ne~ar f.ttu re. Ill addin n, an1i n-Lou ltrVtIflflnInl gCOuISC 
was condulLCtCd for 120121 A research assPistS an1d field 
techi ci an.s. 

The rice research program mo)ves forward steadily: 
870iaioatieslhaceeyipassed and456culirs haveitendsti 
been tested research or In limer s' fields atoan ,stations 

10 locations representing .ua(r
rice environments. On the 
tropical We castt, inder modratel\r lo inputs, ne0\ 
materials are sIein50%ralg101 ctaln the local chieck. O 

theh plteau, in clroling Systems research sn- , 

unerVaxCIVI' inl threeC dIfftlrent enIVIronmen1Cts. INSI2IER trials 
are being conducdted both on-station and on-fad. 

Near Lac Alaotra and Maro 4ay- major rice 
producing areas of Madagascar - large tractors have 
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serious problems in the soft soil of flooded riccfields. Lack 
of spare parts and high maintenance costs also arc problcns. 
But labor shortages during planting and harvesting that arc 
beginning to occur delay crop establishment and cause 
exccssive losses when harvesting and threshing arc not 
timlC'. Introducing appropriate small arm iachines viii 
hclp increase cropping intensity and production. 

An IRRI engineer helpcd the Division of Machinismc 
Agricolc of the FOFIFA Dcpartnicnt of Technohogv st 
rescarch objectives, priorities, and strategies flor estab
lishing an agricultural mechanization program. Farmcrs' 
needs for equipment and machinery werc assessed and 
IRRI machines for land prCparation, har\csting, and 
threshing tested. 

The first phase of development of the Rice Research 
Station at Maliitsv has been completed. The stati( 
eventually will incilide o'ficCs, laboratories, a medium-term 
gcrmplasm storage facility, documentation center, and 
dining facilities. 

Bhutan 
Wc have been collaborating with the Royal Government of 
Bhutan since 1983 in developing and introducing ap 
propriatc technologies which can increasc productivity in 
the country's rice-growing areas. The major thrust has bccn 
institution building, primarily through human resource 
development. Since 1983, 14 Bhutanesc have bccn trained 
at IRRI. The superintendent of the main crop research 
station has begun a Master of Science degree program 
under the collaborativc arrangement between IRRI and 
UPLB. 

We arc also working closely with the Bhutan Depart
ment of Agriculture to improve rice-based farming systcms. 
Initially, the collaboration has foIcused on the medium 
(1000-1500 m) and lower altitude (<300 m) rice-growing 
areas that represent about 80% of Bhutan's 3 1,000 ha of 
riceland (Fig. 50). 

In on-farm demonstrations and variety trials at 
Wangdiphodrang and Punakha this year, IR36 and IR64 
showed excellent adaptation at 1300-1500 nI. In 13 
farmers' field demonstrations with farmyard manure as the 
only fertilizer, IR36 yielded 5.0 t/ha; local varieties yielded 
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Indochina 
IRRI entered into a NkenioralndiLl I .i tndcrstandiug with 
the Government of Australia early in 1986 to address the 
problems of rice pn tictjin in thelnlochina region that 
inludcs Ka mpnc hCI, Ias, ,nd Vietnam ( Fig. 52). 

In January 1986, an IlRRI team visiting Kampnchca 
identified several a reas where IRRI might contributo 
significantly to thc acceleration f"rice prottIctit m. Th. 
team 's,WIsrvatiMns wcrc the basis Iw, ll Ciapri p(sal ,SLItte 
to the Austral ian (ovncrnment in Iic 1986 that calIs for a 
comprehensive program b IRRI (Fig. 53). 

This rcgion has considerable ptte)ntiall fo grreater rice 
production. The IRRI Indcli nl'Irgran will adrcs 
COuntrv-SpeciiC need~s, w\ithl annuI~al w\ )r-k 1)lan1s dvLope'C]). 
jointly with each participating conuntrv. 

'he goal is t )assist Kampuchca, Ii'L s, and ViCtnam in 
developing and intItroduci ng appr )priatctcch nohgics 
which can increase producti\it\, inl the region's rice-growing 

a Ianareas vhile increasing the income and nutrition of snall 
fl'ill llLIsCholds and co!mitunities. ()vcr the next 10 years, 
the IRRI Indoclina Piogravi will work to mcer these 
objcctivcs: 
* 	TO dCvCl(Ip maupt wCr ':apabi litv in rice research and 

devclopment within Kampuchca, Laos, and Vietnam; 
" To provide technical assistance in the design, inlplementa

tion, and analysis of research to develop impr)cd rice
based farming systems; 
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51. Bhutan farmers prefer taller 
varieties that have ahigh straw yield,

important source of livestock feed 
and bedding. 

52. FAO 1983-85 data on rice area 
harvested and rice yields in selected 
Southeast Asian countries. 
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* To assist in the development of research and training 
infrastructure; and 

" To help the countries attain and maintain self-sufficiency 
in rice. 

During the exploratory and establishment phase, 
particular emphasis will bc given Kampuchea because of its 
extremely low yields in comparison with other countries in 
Southeast Asia. 

CONTINUING 
COLLABORATION 

hese dynamic collaborations propel IRRI's re
search productivity. As we examine our progress in 
meeting research goals set th,'ough our interac
tions with rice researchers all over the world, and 

as we work to establish our goals and strategies for the 
future, wc continually recognize - and utilize - our 
current relationships. 

At the same time, we reach out f'or new relationships 
on basic and strategic research frontiers. And, we respond 
to the evolving needs and capacities in applic4 and adaptiv 
research. Our strategy is to promote the expansion and 
increasing capability of a global, intcractive scientific 
community in rice research. 

-4
 

53. An IRRI team and Kampuchean 
scientists survey areas where IRRI 
might contribute to accelerating rice 
production. 
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FINANCES 
Summary of financial support to IRRI core and to special and collaborative projects r:ceived In19C6.a 

U:3$ 

Core 
Special & 
Collab. 

Details of sources of support from grants
United States Agency for International 

Development 
Japanese Government 
International Bank for Reconstruction and

Development 
Canadian International Deveopment Agency
United Nations Development "rogramme
European Economic Cor.m-n," 
Overseas Development Administ, -tion,

United Kingdom 
Federal Republic of Germany 
International Developm: nt lesearch Centre 
Australian Government 
Government of Italy
Asiar' Development Bank 
Government of Sweden 
Government of the Netheriands 

Unrest. 

6,050,000 

1,500,000 
1,221,950 

1.140,102 
460,793 

573,549 
173,853 

440,964 

Rest. 

5,20r,670 

2,183,900 
3,574,980 

150,000 
110,190 

537,307 

Proj. 

2,231,825 
884,182 

1,196.259 
42,937 

235,440 
624,822 
123,391 

300,000 

141,692International Fund for Agricultural Development 300,000
Government of the Philippines 108,820 82,029
Ford Foundation 300,000 70,000 98,500
Government of Denmark 266,102
Office of Rural Development, Korea 98,000
Government of Mexico 37,022
Government of Norway 136,027
Government of China 100,000 20,000
Swiss Development Cooperation 350,000 45,000
Rockefeller Foundation 704,740 86,853
Government of Spain 35.000 
Government of New Zealand 12,537
Government of France 74,074
Miscellaneous research grants 102,374 
Funds reimbursed under collaborative research program
Resource Management International, Indonesia 134,018
International Food Policy Research Institute 104,318
International Institute of Tropical Agriculture 61,729
International Centre of Insect Physiology and 

Ecology 120,221
International Fertilizer Development Center 30,769
International Board for Plant Genetics Resouiccs 21,647
Food and Agriculture Organization of the

United Nations 14,000 

Total 12,564,719 13,307,008 6,753,859 

Total 

8,281,825 
6,089,852 

1,500,000 
2,426,209 
2,226,837 
3,574,980 

1,140,102 
946,233 
735,012 
696,940 
711,160 
300,000 
440,964 
141,692 
300,000 
190,849 
468,500 
266,102 
98,000 
37,022 

136,027 
120,000 
395,000 
791,593 
35,000 
12,537 
74,074 

102,374 

134,018 
104,318 
61,729 

120,221 
30,769 
21,647 

14,000 

32,625,586 
"Receipts are accounted for on acash basis. Amounts shown inboldface differ from 1986 pledges from grantors inthat 
they may reflect 1985 or 1987 pledges received in 1986, or may not reflect the full amount of 1986 pledges which areanticipated to be received in 1987. The Government of France (through the research organizations ORSTOM and IRAT)
provided IRRI the services of iwo resident scientists; the value of their services cannot be quantified. 
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TRUSTEES
 
DR. FORREST F. Il, 
Chairman oJ the Boait Emoitus 
701 T,- Pha rkway 

Ithaca, New York 14860, USA 


DR. KENZO HEMMI 
Chairman of the Boatd 
1-12-42 Utsukushigaoka 

Midori-ku, Yokohama-shi 

Japan 227 


MIN. RAMON V. MI'Fi(A, jR. 
Vcc Caiman 
Minister of Agriculture & Food
 
Ministry of Agriculture & Food 

Diliman, Quezon City 

Metro Manila, Philippines 


Members 

MRS. TAHRUNNESSA A. ABDULLAH 
4-B Arnynabad Co-operative 

Housing Society 
Siddheswari, Dhaka 17 
Bangladesh 

ATIT, EDGARDO I. ANGARA 

Pn'sidcnt 
University of the Philippines System 
Diliman, Quezon City 
Metro Manila, Philippines 

DR. ALMIRO BLUMENSCHEIN 
Avenida G, No. 90 
Setor Ocste 
Goiania, Goias 
Brazil CEP 74000 

DR. NORMAN R. COLLINS 
Prnn Offico'-in-Chape 
The Ford Foundation 
320 East 43rd Street 
New York, N.Y. 10017, USA 

I)R. ROBERT K. CUNNINGHAM
 
35 Clarence Road
 
Harpenden
 
Herts AL5 4AH
 
England 

I)R. LLOY1)T. EVANS
 
Division of Plant Industry
 
Commonwealth Scientific & Industrial
 

Research Organization (CSIRO) 
P.O. Box 1600 
Canberra City, ACT 2601
 
Australia
 

DR. JAAP J. HARION
 
Foundation for Agricultural
 

Plant Breeding
 

Centre for Genetic Resources 
The Netherlands 

Postbus 117 
6700 AC Wagcningen 
The Netherlands 

DR. LETIIA E.OBENG 
56 West Park Avenue 
Kew, Surrey 
United Kingdom 

DR. IDA NYOMAN OKA 

Bogor Research Institute for Food Crops 
(BORIF) 

Jalan Merdeka 99 
Bogor, Indonesia 

DR. M. V. RAO 

)eputy D;*rctor-General 
Indian Council for Agricultural Research 
Krishi Bhavan, New Delhi 
India 
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PERSONNEL
 
DR. YOOKTI SARIKAPHUTI 

DirctorGenerl 
Department of Agriculture Office of the Director General 
Ministry of Agriculture and Cooperatives M.S. SWAMINATHAN, Ph D, director general 
Bangkok, Thailand MARCOS R. VEGA, Ph D, deputy director general' 

DENNIS J.GREENLAND, D Phil, deputy director 
DR. M. S. SWAMINATHAN general 

DirectorGetw l MANO D. PATHAK, Ph D, director, research and 
International Rice Research Institute training 
P.O. 	Box 933 ROBERT L. BOURQUEIN, MBA, director, 

administration 2 
Manila, Philippines 

FAUSTINO M. SALACUP, BS, CPA, director, 

protocol and liaisonDR- XU GUAN-REN 
PAUL A. COOPER, BA, director, budget andDirector Geneul Emetus accounts 

Institute for Application of Atomic Energy R.VAIDYNATHAN, Cert. Accountancy, consultant' 
in Agriculture HIGINO A.ABLES, Ph 1), visiting scientist . 

Chinese Academy of Agricultural Sciences 
P.O. Box No. 5109, Beijing, China Administrative and Professional Staff 
or Ma-Lian Wa, Beijing, China 

REBECCA C. PASCUAL, MS, manager, food and 
housing services 

ZOSIMO Q. PIZARRO, LLB, manager, personnel and 
legal offices 

PEDRO G. BANZON, LLB, manager, security and 
shipping offices 

PURITA M. LEGASPI, BBA, CPA, manager, 

accounting office 

Liaison Scientists 

MANUEL J. ROSERO, Ph D, IRRI liaison scientist, 
Latin America 

WALTER C. TAPPAN, BS, IRRI liaison scientist, 
Indonesia and Malaysia 

DIOSCORO L. UMALI, Ph D, IRRI liaison scientist, 
China (consultant) 

S.M. H. ZAMAN, Ph D, IRRI liaison scientist, 
Africa l 

B.P. GHILDYAL, Ph D, IRRI liaison scientist, India2 
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Senior Scientific Staff 

Agricultural Economics 
JOHN C. FLINN, Ph 1), agricultural economist and 

head 
CRISI INA C.IDAVID, Ph 1), agricultu,ral economist 
J. BARI tuUFF, MS, agricultural economist 
LEONARDO A.GONZALES, Ph 1), agricultural 

economist 
MARLIN G.VAN DER VEEN, Ph 1), agricultural 

economist i 


CELIA T. CASTILLO, lh 1), visiting scientist'
 
ROBERT I. HUKE, PIh D, visiting scientist 2
 

ALBERT POLAK, Ph D, visiting scientist' 

SAMUEL FUJISAKA, Ph D, visiting scientist 2 


KEIJIRO OTSUKA, Ph 1), visiting scientist 2 


ALASTAIR ORR, Ph 1), associate economist 2 


KISSEN KANUNGO, Ph 1), consultant2 

N.F.C. RANAWFEERA, Ph 1), visiting scientist 2 

Agricultural Engineering 

CLARENCE W. BOCKHOP, Ph D, agricultural
 
engineer and head 
 dAMIRU. KHAN, P h I), agricultu ral e ngineer and 
head 

FRED E. NICHOLS, BS, agricultural engineer' 
ROBERT E. STICKNEY, Ph D, agricultural engineer 4 

M. 	A. CHOUDHARY, Ph 1), visiting associate
 
scientist' 


YONG WOON JION, Ph 1), associate agricultural 
engincer 

Agronomy 

SUP,.RJIT K. I)E DATFA, Ph D, principal agronomist
and head 

CEZAR P. MAMARIL, Ph D, agronomist 
KEITH MOODY, Ph D, agronomist 
KEITH T. INGRAM, Ph D, associate agronomist 
DONAID W. PUCKRIDGE, Ph D, agronomist 4 

ROLAND J. BURESH, Ph D, visiting scientist 
WARREN MUIRHEAD, Ph D, visiting scientist-' 

Cereal Che 
hemistry 

BIENVENIDO 0. JULIANO, Ph 1), chemist and head 

Communication and Publications 

THOMAS R. HARGROVE, Ph D, editor and headqI.LIAM H. SMITH, BS, editor
 
EDWIN A. TOUT, MA, associate editor'
 

IAN MONTAGNES, MA, visiting editor
 
STEPHEN 1. BANTA, D Ed, editor 2
 

LARUE POLLARD, Ph D, editor 2 

Computer Center
 
SEAN E. O'CONNOR, BS, consultant
 

Entomology 
B.MERI.E SHEPARD, Ph D, entomologist and head 
JAMES A. LITSINGFIt, Ph D, entomologist 
OSAMU MOCHIDA, 1) Agr, entomologist 
IAM ESI I C. SAXENA, Ph 1), entomologist 
II DAVID CATLING, Ph 1), entomologist 4 

EARl. H. TRYON, Ph D, visiting associate scientist' 
A. A. KAREEM, Ph D, visiting scientist 2 

Integrated Experimental Farn and GroundsO 	L N O G A ~ s P , f r n r u dORLANDO C. SANTOS, MPS, farm and grounds 
superintendent 

International Rice Germplasm Center 
TF1vFLU CHANG, Ph 1), principal geneticist and head 
I.IWAY-WAY M. ENGLE, Ph D, visiting scientist1 

International Rice Testing Program 

V. SESHU DURVASULA, Ph D, plant breeder and 
global coordinator 

MUHAMMJ D AKBAR, Ph D, plant breeder 
ANWAR A. KHAN, Ph D, visiting scientist' 
SANG-WON AHN, Ph D, visiting associate plant 

pathologist-
M.K. MAJUMIDER, Ph D, visiting scientist 2 

FEDERICO E. CUEVAS.PEREZ, Ph D, IRTP
coordinator for Latin America 

K.GOPAIAKRISHNA PILLAI, Ph 1), IRTP 

coordinator tbr East Africa 
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Library and Documentation Center 

LINA M. VFRGARA, MS, librarian and head 

Multiple Cropping 

RICHAII' A.MORIUS, lh ), agronomist and head' 
DENNIS P1.GARRITY, Ph 1), associatc agronomist 
0. P. MIELU, Ph 1), visiting scientistR 
F.W.T. PENNING DE VRIES, Ph 1), visiting scnist 
CHIRTCHART SMITOBOI., Ph 1), visiting ,;cintist' 

Plant Breeding 

GUU)EV S. KHUSH, Ph 1), principal plant breeder 
and head 

I)ERK HILI.EI(ISI.AMBFRS, Ph 1), plant breeder 
SANT S. VIRIMANI .) 1), plant breeder 
DAVII) 1.MACKIl., Ph 1), associate plant breeder 
TSUGUFUMI OGAWA, 1) Agr, associate plant 

breeder
 
). SENADI IIRA, Ph 1), associate plant breeder 

DWIGHT G. KANTER, Ph 1), associate plant
 

breeder' 4 

B. B.SHAHI, Ph 1), plant breeder 4 

EIBRAHIMAII A. ;ID)IQ, Ph 1), plant breeder 4 

MICHI-II. A. ARRAUI)FAU, MS, visiting scientist 
Cl-HUNG 1K.Cl-h), Ph 1), %-isitiihgscientist' 
JEAN-CHRISTOPI HE GI.ASZMANN, Ph F), visiting 

associate scientist 
CHONG 110 KIM, Ph I), visiting scientist 2 

LESLEY SITCH, Ph 1), associate plant breeder 2 

It.THAKUR, Ph 1), visiting scientist 

Plant Pathology 

TWNG.WAH MEW, Ph 1), plant pathologist and head 
HIROYUKI HIBINO, ) Agr, plant pathologist 
I. MICHAEL. BONMAN, PhI), associatc plant 

pathoh gist 
HII LEUNG, Ph 1), associate plant patllh(gist 2 

AUNG FIN, Ph 1), visiting scientist2 

A. ANJANEYU.U, Ph F), visi ting SCiCiltiSt2 

LINA IIAG, Ph 1), visiting scientist 
ARCAI)IO QUIMIO, Ph 1), visiting scientist 

Plant Physiology 

BENITO S. VE-RGARA, Ph 1), plant physiologist and 
head 

SHIGEMI AKITA, I) Agr, plant physiologist
 

GFNSHICHI WAI)A, 1) Agr, plant physiologist
 
.FRANCISCO 1.ZAPATA, Ph 1), plant physiologist
 
S.T. MERCY, I'l 1), visiting sciirntistM. S. NAIK, Ph 1), visiting scientist' 

B.VENKATFSWARIIU, Ph 1), visiting scientist' 

Rice Farming Systems Program 
VIRGII.I() R.CAIRLNGAL, Ph 1), agronomist and 

head 
IRAM K. PANI)EY, Ph 1), agronomist 
JAMES R. HOOP-lPE1R, Ph 1), agronomist4 

JERRY I.. MCINTOSH, Ph 1), agronomist 4 

ROSEIND)O K.PAIl, Ph 1), agronomnist 2,4 

NOEI. P. MAGOR, M Agr, associate agronomist t 

ARSENIO D. CAIUB, Ph 1), visiting scientist 
ANAKE TOPARKNAGRM, Ph 1), visiting scientist2 

Soil Chemistry/Physics 

HEINZ.UIRICH NEIULE, Ph 3), soil chemist and head 
TFIRENCE WOOl)HEAl), Ph 1), physicist 
PAUL R. 1B,00M, Ph 1), visiting scientist 2 

NI. SHAi-, Ph F), visiting scicntist' 
S. NAGARAJAH, Ph F), visiting scientist 

Soil Microbiology 
IWAO WATANABE, 1) Agr, soil microbiologist aid 

head 

JAGD)ISII K. .AI)ItA, Ph F), associate soil 
microbiolopist 

IEF RE A. ROGER, 1) Pedologie, visiting scientist 

Statistics 

KWANCHAI A. GOMIZ, Ph 1), statistician and head 

Training and Technology Transfer 
DAN R. MINNICK, Ph 1), training specialist and head 
GLENN L..DENNING, Ph 1), associate scientist

technology transfer 

Water Management 

.ADIQUI. I. BH-IUIYAN, Ph 1), agricultural cngincer 
and head 



IRRI HIGHLIGHTS 1986 89 

1). HAMMOND MURRAi-RUST, Ph 1), associate 
agricultural engineer 

Cooperative Research Staff 

Africa 

SA.M-1. ZANIAN, P~h 1), IRRI liaison eitisr 
K.GOIALAKIRSIINA PII.IAI, l 1), IRTP 


coordinator for East Africa2
 

Bangladesh 

FRANK W. SHEPPARD, JR.. I) Ed, research systems 
specialist/IRRI rcpresentative 


DXIGIHT . KANIER, Ph 1), plant breeder' 

NOEL 11.MAG( )R, XI Agr, asst ciatc agrotiomist 


Burma 
.ROSENI)() K. I'Al IS, Ph 1), agronmist- 4 

China 

1)IOSCOR() L.UMAI.I, Ph 1), IRRI liaison scieitist 
(consultant) 

Egypt 

EBRHUIMALI A. SII)DIQ, Ph 1), plant breeder 
JACK MARVIN SWAGERTY, B Sc, seed specialist2 

India 
FRE) E.NICt IOLS, BS , agricultural cnginccr 
B. P. GII lI.I)YAI, Phl ), 11(1(1 liaison scien ist2 

I. 1. CA'L .ING, Ph 1), cntomoltgist 

Indonesia 

WALTER C. TAIIIAN, BS, IRRI liaison scientist 
JERRY L. MCINTOSH, lh 1), agronomist 

Japan 

Y.TAKAHASI 1l, I). Agr, part-time IRRI 
representative 

Latin America 

MANUtl'I. . ROSERO, Ph 1), IIUU liaison scientist 
FEDERI( ). E CUFEVAS-PEREZ, Ph 1, IRTP 

coordinator for Latin America 

Madagascar 
B.B.SHAHI, Ph 1), plant breeder 

lAMES R.1-OOIIER, Ph 1), agronomist 

Philippines 

ROBEIRT F. STICKNEY, Ph 1), agricultural enginecr 

T1 lland 

)ONAI) V.PUCKRIXI):, Ph 1), agronomist 

lixft during the year 
2lined during the yer
3 
4 Joicd and lIt during the year
( :ooperative research staff 
iTramfetrred 


